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ON THE LAW OF THE SUN'S ROTATION. 
By J. WILSING. 


In the fifty-first volume of the Memoirs of the Royal Astronom- 
ical Society, Professor Sampson has published a very interesting 
paper,’ which is based upon views quite similar to those explained 
in an earlier paper of my own.? As Professor Sampson seems to 
have been unacquainted with this work of mine, the agreement 
of the two papers, with respect to their more important conclu- 
sions, may fairly be regarded as supporting my views, and there- 
fore I may be permitted to refer to my earlier article in connec- 
tion with a short discussion of Professor Sampson’s work. 

The aspect of the irregular gaseous nebule, as for example 
that of the nebula in Orion, shows conclusively that in these 
objects matter exists neither in a condition of relative equilibrium 
nor, under conditions permitting motion, in a state of rest. 
Although changes in the forms of nebula have not yet been 
demonstrated, the explanation of this fact is to be found in the 
minuteness of the changes relatively to the distance of the object. 
A more advanced stage of development is met with in the plan- 

*“Qn the Rotation and Mechanical State of the Sun.” Afem. R. A. S. 51, 123. 


2“ Ueber das Rotationsgesetz der Sonne und iiber die Periodicitat der Sonnen- 


flecke.” A. N. 3039, 127, 233- 
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etary nebulz, but here also conditions of equiiibrium and prohib- 
itive conditions of motion are equally out of the question. The 
fixed stars, to which class our own Sun belongs, represent a still 
later phase of celestial evolution. Here we may assume that the 
surfaces of equal density in the interior of the body approximate 
to concentric surfaces of revolution, and that radial currents are 
beginning to disappear. Currents zm the surfaces of equal den- 
sity can, on the other hand, still continue, since such currents, 
when the motion of all the particles in these surfaces is about a 
common axis, can be destroyed by the action of internal friction 
only. From this point of view the currents on the solar surface 
which were discovered by Carrington, and which are character- 
ized by the fact that the angular velocity of the particles varies 
with their heliocentric latitude, are seen to be a phenomenon 
organically connected with this particular phase of celestial 
development. We are therefore relieved from the difficulty of 
accounting for the maintenance of these currents on mechanical 
and physical principles, since they appear as the result of earlier 
conditions of motion. 

But stationary conditions are as impossible in this case as in 
the earlier stages of development, as we see on taking into con- 
sideration the effect of internal friction. Hence, in order to 
make intelligible the observed fact that the currents on the Sun’s 
surface undergo no apparent change, we have still to show that, 
as in the parallel case of the nebula, the assumed changes in the 
present conditions are too small to be perceived in the time cov- 
ered by our observations, and hence that practically the solar cur- 
rents may be regarded as having stationary forms. In another 
place I have endeavored to answer the question as to what 
changes in the existing currents are produced in a given time by 
the equalizing effect of internal friction. In doing this I have 
restricted the inquiry to the assumption of constant density of 
the matter in the currents, an assumption which, if Mariotte’s 
law remains valid, requires a distribution of temperature propor- 
tional to the corresponding pressures. Moreover, the forces 
which determine the pressure at any point have a certain poten- 


ON THE LAW OF THE SUN'S ROTATION 249 


tial. Observations give the motion at the surface of the Sun, 
from which the only conclusion that can be drawn with certainty 
is, that even in the interior of the Sun differences of angular 
velocity must exist, at least to a certain depth below the surface. 
Now, since the temperature probably increases with diminishing 
distance from the center, and since, according to Maxwell’s law, 
the coefficient of internal friction increases with the temperature, 
the differences of angular velocity above referred to must dimin- 
ish as the center of the Sun is approached, until a surface is 
reached, the particles of which rotate with sensibly constant 
angular velocity about a common axis. 

The problem to be solved was therefore, in its general form, 
as follows. The central part of the Sun, bounded by a spherical 
surface, rotates with practically uniform angular velocity. Far- 
ther toward the surface of the Sun are layers in which the parti- 
cles have different angular velocities. The law, according to 
which the angular velocity varies along a radius, is unknown. 
At the surface the velocities of rotation at a given time ¢ must 
agree with observation. Then the equations of motion which 
determine the angular velocity must be satisfied under these 
conditions. 

Assuming a constant coefficient of friction, the conditions are 
satisfied by an expression of the form » = a + 6 sin’ ¢, in which 
a and 6 depend only upon the radii R and RX, of the surface and 
central sphere respectively, and on the time, and contain other- 
wise still undetermined functions, and ¢ is the heliocentric lati- 
tude. The form of this expression is, however, precisely that 
which Faye has chosen to represent the angular rotation 
observed by Carrington. Now, the change which is sought in 
the differential current velocity on the Sun’s surface is determined 
by the change of the coefficient 6 with the time. The signifi- 
cance of introducing the undetermined functions above referred 
to is, that the conditions for the surface are satisfied by an 
infinite number of solutions. Hence the problem would be a 
perfectly definite one only in case the motion at time =o 
were known for the parts of space in question. But since we are at 
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present interested in determining only an inferior Amiting value 
of the time in which the differential currents change by a definite 
amount, capable of being detected by observation, a determina- 
tion of the motion at time ¢= 0, may be adopted if it is certain 
that the changes in the differences of velocity, which follow as 
necessary consequences of the determination, are more rapid than 
those which represent the actual facts. This condition is 
certainly fulfilled if we imagine the region outside the central 
sphere, in which the different angular velocities are found, to be 
extended beyond the surface of the Sun, and to be bounded by 
a spherical surface which, like the inner one, rotates with uniform 
velocity. The motion, which may be compared to that of a 
stream flowing between fwo fixed banks, will then be more 
rapidly destroyed by friction, if there is no exterior force to 
support it, than it would be if there were only one rigid boundary. 
In accordance with this principle I have computed a numerical 
example with a given distribution of velocities, and find that 
changes in the surface currents of the Sun would not become 
perceptible until after the lapse of millions of years. 

Ina similar manner Professor Sampson has recognized the 
importance of internal friction in the problem of explaining the 
solar rotation on mechanical principles. The problem which 
he proposes to himself is made somewhat broader by removing 
the restriction of incompressibility; but the introduction of 
pressure, density and temperature into the equations with the 
aid of Mariotte’s law necessarily requires a knowledge of the 
distribution of these three variables in the interior of the Sun. 
In default of definite points of attack furnished by observation, 
Mr. Sampson develops an interesting theory, which essentially 
rests on these two hypothetical laws: ‘‘ The energy lost in radia- 
tion per unit time by a small isolated body of gas is proportional 
to the temperature and the mass conjointly,” and ‘The energy 
absorbed per unit time by a small portion of gas is proportional 
conjointly to the mass of the gas and to the whole energy of the 
radiations that penetrate it.’ From these propositions Mr. 
Sampson deduces the consequence that the density, pressure and 
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temperature, hence also the coefficient of friction, in the body of 
the Sun, must be sensibly constant, a result which practically 
follows also from my restriction of the problem to the determina- 
tion of the motion of an incompressible fluid. In his further 
treatment of the problem Mr. Sampson defines the required 
solution of the equations more closely, by the condition that the 
angular velocities, which must agree with observation at the 
surface, increase along a radius .until the center of the Sun is 
reached. This special assumption, to which Mr. Sampson has 
been led by certain experiments of Herr Bélopolsky’s,* may be 
harmonized with the views that I have developed above, if the 
region around the center is left out of consideration. The 
requirement joined to it by Mr. Sampson can then also be 
satisfied by the solution that I have given. On the other hand, 
Mr. Sampson does not investigate the change of the motion with 
the time. As the rotational motion of the Sun is assumed to be 
independent of the azimuth, so also is the density, provided that 
an assumption is granted which I have proved in another place; 
the assumption, namely, that the changes of motion at a definite 
point on the Sun’s surface which depend upon the time are too 
small to be detected, even during a period of very great length. 

The leading idea in the memoir of Professor Sampson is, 
without doubt, the same as that which I desired only to shape 
into a more definite form—that the mechanical conditions of 
motion, like the physical constitution of the Sun, are to be 
regarded as transitory, and peculiar to the momentary phase of 
its development; and as they are the result of earlier conditions 
of motion, so in the course of time they will be transformed, 
largely by the effect of friction, into simpler conditions, such as 
we find in the heavenly bodies that have already become solidi- 
fied and rigid. 


ROYAL ASTROPHYSICAL OBSERVATORY, 
Potsdam, January 1896. 


"A. N. 2954, 124, 17-22. 
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SOLAR OBSERVATIONS MADE AT THE ROYAL 
OBSERVATORY OF THE ROMAN COLLEGE 
DURING THE SECOND HALF OF 1895. 


By P. TACCHINI. 


I TAKE pleasure in sending you the results of our solar 
observations made during the second half of 1895. The 
statistics for the spots and faculz are given in the following 
table: 


Relative Frequency Relative Areas 
Number 
1895 a. of days with- | Spot Groups 

Observation} of Spots | our Spots | f Spots | of Facule | per day 
July 30 12.06 0.00 28.4 78.5 3.9 
August 30 22.50 0.00 90.2 75-7 4-4 
September 30 11.34 0.00 50.0 70.0 4.1 
October 22 15.77 0.00 77.8 76.1 3-7 
November 25 10.36 0.04 41.2 66.8 a7 
December 16 10.56 0.00 72.9 67.8 5.8 


In comparing these results with those given in my last 
communication on the observations of the first half of 1895, it 
is seen that the spots have continued to decrease, with a second- 
ary minimum in November, during which days without spots 
were first recorded. Attention should also be called to the 
small area of the spots in July. 

For the prominences the following results have been 
obtained : 


Prominences 
1895 Number | 
M M M 

July 30 7.80 41".4 2°2 
August 30 7.67 41 .9 1 8 
September 28 5.00 41 8 I .9 
October 20 4-45 36 .4 a 
November 21 5.10 36 1 
December 13 5.38 38 .0 2 .0 
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Thus the prominences have not decreased in harmony with 
the spots; it may be said that the phenomena of the quiescent 
prominences remained practically unchanged during the entire 
year 1895. It is also evident that the minimum of October was 
not in accord with the spot minimum. 

The following tables show the distribution in latitude of the 
solar phenomena observed during the third and fourth quarters 
of 1895: 


THIRD QUARTER, 1895. 


Latitudes Prominences Facula Spots 
g0°+80° 0.000 
80 +70 0.000 
70 +60 0.003 
60 +50 0.024 
50 +40 0.123 > 0.577 0.000 
40 -+-30 0.112 0.009 
30 +20 0.126 0.102 0.522 0.073 
20 +10 0.113 0.197 0.305 0.500 
0.076 0.214 0.122 
o —I10 0.073 0.138 0.183 
10 —20 0.100 0.201 0.268 0.500 
20 —30 0.084 0.125 0.478 0.049 
30 — 40 0.100 0.009 
40 —5O 0.050 > 0.423 0.005 
50 —60 0.007 
60 —70 0.004 
70 0.003 
80 —9g0 0.002 


During the third quarter the prominences showed a greater 
frequency in the northern zones than was the case in the two 
preceding quarters, while in the fourth quarter the difference is 
small, with the balance in favor of the southern hemisphere. 
The phenomena were, however, invariably well developed from 
the equator to + 50°, as in the two preceding quarters; between 
these limits and the poles the prominences were few in number. 

The faculz remained in lower latitudes, 7. ¢., between + 40° 
and — 50°, with maxima of frequency in the zones (0° + 20°), 
as in the first half of 1895, but their development was greatest in 
the northern hemisphere. 
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FOURTH QUARTER, 1895. 


Latitudes Prominences Facule Spots 

g0°-+-80° 0.000 
80 +70 0.003 
70 +60 0.000 

60 +50 0.007 | 
50 +40 0.071 > 0.485 0.000 
i 40 +30 0.128 0.011 | 
30 +20 0.117 0.098 > 0.516 0.031 | 

20 +10 0.099 0.228 | 0.277 | 0.570 

0 0.060 0.179 0.262 
o —10 0.057. 0.141 ) 0.092 
| 10 —20 0.135 0.201 0.246 | > 0.430 
i 20 —30 0.124 0.120 0.484 0.092 f 

30 —4o 0.089 0.022 f 
40 —50 | 0.078 0.515 0.000 J 
50 —60 | 0.011 
60 —70 0.000 
70 —8o | 0.014 
80 —90 | 0.007 
= 


. Finally, the spots, as in the first two quarters of the year, 
: did not occur outside of the parallels + 30°, and had their 
| maxima of frequency in the zones (+ 10° + 20°). Their 
greatest development was in the northern zones, as in the second 
quarter. No important metallic eruptions or phenomena in the 
vicinity of spots were observed. i 


ROME, January 28, 1896. 
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THE SPECTRUM OF MARS. 


By Lewis E, JEWELL. 


In the June number of THE ASTROPHYSICAL JOURNAL, Professor 
W. W. Campbell in his ‘ Review of the Spectroscopic Observa- 
tions of Mars,” criticises the method used by me as less direct 
and practical than the ordinary telespectroscopic method. 

As there seems to be some misunderstanding regarding the 
methods I used, and their decisive character where questions such 
as determining the presence orabsence of oxygen or water vapor 
in a planet’s atmosphere is concerned, and the resolving power 
necessary for such purposes, I have thought it best to add a fur- 
ther note upon the subject, being confident that observations 
with our present instrumental equipments, under the limiting 
conditions with which we are surrounded, are totally inadequate 
for the solution of such problems. 

For several years I made careful measurements of the intensity 
of lines in the spectrum of the Earth’s atmosphere, which are 
produced by oxygen and water vapor.'’ The methods used in my 
measurements were exact enough to determine with certainty 
whether any given line was due to oxygen or water vapor, by 
making three or four careful observations from noon until 
sunset, unless the air was exceptionally dry, as sometimes occurs 
during a very severe cold wave. 

During the investigation the usefulness of instruments of 
differing resolving powers was carefully determined by making 
measurements with them under various conditions, therefore the 
results I gave were the facts of actual observations, checked by 
observations made at the same time with the most powerful 
instruments, in the laboratory of the Johns Hopkins University, 
and were not deductions from theoretical considerations. 

It is well known that a dark line must have a certain angu- 


‘A paper embodying most of the results of this investigation is in process of pub- 
lication by the U. S. Weather Bureau. 
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lar width before it can be seen by the eye. It must also be dark 
enough to contrast sufficiently with the background. It is also 
well known that all stars are so remote that any attempt to dis- 
cern their actual disks will fail however we may increase the mag- 
nifying power of our telescopes. Consequently an opera-glass 
is as useful for the purpose as the largest telescope in existence, 
and it is useless to either contend that one telescope is better for 
the purpose than another, or to use our time and energies in try- 
ing to see what is unquestionably beyond the powers of our 
instruments. 

In my paper in THE AsTROPHYSICAL JOURNAL for 1895, I 
pointed out the fact that the means heretofore used to determine 
the presence or absence of water vapor in the atmosphere of 
Mars, were entirely inadequate for the purpose, and nothing could 
possibly be determined unless the amount of water vapor in its 
atmosphere were much greater than in that of the Earth. 

I showed that with the Steinheil spectroscope, having two 
60° prisms, an amount of water vapor could be detected equal to 
that present in the Earth’s atmosphere during October at Balti- 
more, providing the source of light were as bright as sunlight 
and no other complications entered into the problem. 

It appears from Professor Campbell’s paper that he used either 
a single 60° or 30° prism in his observations, or a resolving power 
of less than half that of the Steinheil spectroscope, and as his source 
of light was many thousands of times less bright than sunlight, his 
resolving power was much less than half, and in addition obser- 
vations were complicated by viewing Mars through considerable 
water vapor in the Earth’s atmosphere. In fact it is doubtful if 
he could, under the circumstances, detect with any degree of cer- 
tainty the presence of water vapor in the atmosphere of Mars, if 
it were present in as large an amount as in the Earth’s atmos- 
phere during July, and the telescopic appearance of Mars does 
not allow us toexpect the presence of anything like such an 
atmosphere of water vapor. 

The determination of this problem being entirely beyond 
their resources, it seems to me unprofitable to discuss the 
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question of whether the observations of any one astronomer 
should be given more weight than those of others, when all are 
equally unsuitable so far as any definite results are concerned. 

If one could use much greater dispersion and photograph the 
spectrum of Mars in the region of the rain band, the question at 
issue could be settled, but at present this would be impossible 
with the most rapid plates obtainable. 

The spectroscopic proof of the presence or absence of a fair 
amount of water in the atmosphere of Mars must be regarded as 
unattainable ; however, it is quite possible that the question of 
the presence of oxygen can be settled. With the Steinheil spec- 
troscope mentioned, if the light of Mars were equal to sunlight 
and we were to observe the « group, the presence of oxygen 
could be detected if it were only one-fourth the amount present 
in the Earth’s atmosphere, providing of course the observer was 
himself outside of the Earth’s atmosphere. If the B group were 
used it could be detected if only one-twentieth the amount in the 
Earth’s atmosphere were present. 

The light of Mars being very weak compared with sunlight 
and the observer chained to the Earth, the conditions are much 
less favorable, but it is possible that if observations be made at 
a considerable elevation, the presence of oxygen in the atmos- 
phere might be detected, if present to the amount of a quarter 
that in the Earth’s atmosphere, or possibly even less. 

In his remarks upon meteorological conditions Professor 
Campbell is somewhat in error. Observations made upon moun- 
tain summits are likely to give highly erroneous ideas as to the 
conditions of the atmosphere away from the mountain. After 
sunset the rapid radiation will chill the air near the summit and 
cause a current of cold air to flow down the slopes of the moun- 
tain, thus causing the fog in the valleys below; as a consequence 
the temperature and dewpoint at the summit may be much lower 
than those of the air at the same altitude, away from the influ- 
ence of the mountain. 

A study of the meteorological records shows the amount of 
water vapor in the air at the coast cities of California, during July 
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and August, to be aboutthe same as at Baltimore during May, 
but subject to fewer fluctuations. 

The curve representing the distribution of water vapor at dif- 
ferent heights in the atmosphere, varies much less from day to 
day than Professor Campbell supposes, and is not subject to as 
great fluctuations as the amount of water vapor determined by 
surface observations. 

Meteorological questions are, however, out of place in this dis- 
cussion if the means for observation are totally inadequate to 
settle the main question at issue. 


A NEW FORM OF REFRACTOMETER.' 


By C. PULFRICH. 


In its essential features this apparatus? consists of a 90° 
prism of highly refractive glass, one face of which, turned 
upward and made horizontal, is brought into contact with the 
object to be investigated, while through the other (or vertical ) 
face is observed the boundary line limiting the light which, after 
passing through the object, enters the prism under grazing 
incidence. From the angle z, at which the limiting ray emerges 
from the vertical face, and which is measured by means of a 
telescope and graduated circle, and the known refractive index 
N of the prism, the refractive index m of the substance under 
investigation is obtained by means of the formula » =) V?—sin’?. 
The index relates to sodium light, which is used as a source, and 
its value is most conveniently taken from a table. 

A short glass cylinder, cemented to the upper face of the 
prism, serves for the reception of fluids (Fig. 1); light at graz- 
ing incidence enters above the cemented joint. 

Solid substances (Fig. 2) are provided with two surfaces, 
I and II, approximately at right angles, of which one (I) must 
be plane and well polished, while the other (II) need only be 
polished well enough to transmit light. No definite require- 
ments as to the size of II] are set by the method. Objects of 
any thickness can be investigated, down to that of cover-glasses 
(o™™.15). On the other hand, the edge in which the surfaces 
I and II intersect must be perfect—a requirement which is 
most easily met by polishing II on two objects at the same time, 
their faces I having been previously cemented together. 

In the case of a solid object, a thin film of liquid (whose 
index ’ >) is used between its lower surface and the prism. 


*Communicated by Carl Zeiss Optical Works, Jena. 
2 A detailed description of method and apparatus will be found in Z. f/. /nstrum. 
p- 47, 1888; also in Das Totalreflectometer und das Refractometer fiir Chemiker, etc., C. 
PULFRICH, Leipzig, 1890, and in different chemical text-books and periodicals. 
259 
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According to Le Blanc’ the refractometer can also be used 
for the measurement of solid bodies in the form of powder, by 
placing the powder in a fluid which has the same refractive 
index. 

While the instrument as originally constructed was restricted 
in its use to determinations of refractive indices (m,) of fluids at 
the temperature of the room, the form which I have recently 
given it allows the scope of its application to be greatly extended, 
so as to include, in fact, almost all quantitative investigations on 


refraction and dispersion. Among these uses may be mentioned 
the following: 

1. Measurements of refraction (,) and dispersion (differ- 
ence of indices for the Fraunhofer lines C, D, F, and Hy) for 
transparent fluid and solid bodies, either single or double refract- 
ing. 

2. Investigations of fluids at high temperatures, including 
bodies that are fluid only under such conditions. 

3. Determination of the differences of refractive or dispersive 
power of such fluid or solid substances as differ but little in their 
optical properties. The instrument is here used as a differential 
refractometer. 

In the construction of the accessories which serve for the 
purposes mentioned above, special attention has been given to 
securing simplicity in the methods of observing and in the sub- 
sequent computations. All parts of the apparatus are, therefore, 


*Z. f. Phys. Chem. p. 433, 1892. 
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permanently fixed in position after being once for all properly 
adjusted, and hence are always ready for use. The computations 
for dispersion and other differential quantities from the data 
given by the observation are performed, in quite the same 
manner as hitherto for ,, without the use of logarithms, by 
means of suitable tables. 

With respect to accuracy, the apparatus is designed to meet 
the requirements which are usual in spectrometric measurements ; 
7. ¢., exactness toa single unit of the fourth decimal place in the 


Fig. 2. 


refractive index, and to one or two units of the fifth decimal 
place in the dispersion and other quantities depending upon 
differential measurements. 

In adapting the apparatus to the purposes mentioned under 
(2), special consideration has been given to a requirement which 
is very essential to accuracy in such measurements; the require- 
ment, namely, that fluid and prism can be kept for any length of 
time at a constant temperature. In the heating apparatus pro- 
vided with this instrument it has been very satisfactorily met. 

The accessories themselves are as follows (Fig. 3, Plate XX): 

1. A new illuminating apparatus, providing for both a sodium 
flame and a Geissler (hydrogen) tube as sources of light, and 
allowing a rapid change to be made from one to the other; also 
a micrometer adapted to differential measurements of dispersion 
and simple methods of computation." 

Illumination with sodium light is effected with the aid of the 


*Compare PULFRICH, “Ueber Dispersionsbestimmung nach der Totalreflexions- 
methode mittels mikrometrischer Messung,” Z. f. /mstrum. p. 267, 1893. 
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reflecting prism .V, on one side of which is cemented a condens- 
ing lens. The flame is placed behind the apparatus, opposite the 
reflecting prism JV, and not, as in earlier forms, on one side. 

Illumination with hydrogen light is effected by a Geissler 
tube Q and a condenser P; the condenser forms an image of the 
cross-section of the tube on the prism of the refractometer. “A 
fine adjustment of the illumination is effected by turning c, which 
moves the condenser P in a vertical direction. A small screen 
(not shown in Fig. 3), hinged to the support of the condenser, can 
be interposed in the upper part of the cone of rays between the 
ccndenser and the prism. It serves to obviate difficulties arising 
from the overlapping of the images which correspond to the differ- 
ent hydrogen lines, by restricting each image to a narrow zone of 
of light in the immediate vicinity of the observed terminal line. 

The illumination is changed from one source to the other by 
slightly displacing the prism J, for which purpose the arm sup- 
porting it can be turned about the standard J. 

Liquids which cannot be investigated in open glass tubes 
can be protected from contact with the outer air by means of a 
cover attached to the vessel S. 

2. A new heating apparatus of special construction, by which 
perfect certainty is secured in the investigation of fluids up to 
100° C. or more, with the greatest possible simplicity in the 
manipulations. 

The heating is effected by passing through the apparatus in 
the direction indicated by the arrows (Fig. 3), either a stream 
of water at constant temperature, or steam. Liquids having a 
constant boiling point can also be used. Generally a reservoir of 
warm water, placed slightly above the level of the instrument, is 
a satisfactory source of supply; in certain cases an apparatus 
specially constructed to give a stream of warm water at constant 
temperature is recommended. 

The prism is heated equally with the substance; it is sur- 
rounded on three sides by a hollow casing, through which the 
stream of warm water flows before it passes into the apparatus 
for heating the fluid. Corrections for the change in the refrac- 
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tive indices of the prism caused by heating are taken from spe- 
cially prepared tables, and require no further thought in carrying 
out the computations. 

The fluid is warmed inside the glass cylinder. This is accom- 
plished by means of a silver vessel S, which is attached to the 
standard M, and can be moved down or up by the pinion 7, so 
as to dip more or less deeply into the fluid. 

The interior arrangement of the vessel S is shown in Fig. 4. 
An inner tube, open below, which passes down the middle of S 
nearly to the bottom, causes the stream of water to impinge 
directly upon the bottom plate of S; and since this plate can be 
brought to within a fraction of a millimeter of the upper surface 
of the prism, without impairing the accuracy of the observations, 
it will be seen at once that the temperature indicated by the 
thermometer may be regarded with absolute safety as the tem- 
perature of the fluid. 

As a protection to the fluid against loss of heat by radiation, 
a wooden cover W is provided, with a cylindrical hollow, and 
small windows for the admission of light. This is simply placed 
over the glass cylinder like a lid. It also serves to protect the 
fluid from temperature changes when observations are made at 
the temperature of the room with or without the stream of water, 
and it acts as a screen to cut off false light. The micrometer 
attachment consists of the clamp H/, and the micrometer screw G 
with index and graduated head. The angular separation of the 
bounding lines is given directly in degrees and minutes within 
o’.1, while the circle divisions can be read to 1’. 

The heating apparatus can be left on the instrument; when 
not in use the parts attached to S can be moved out of the way 
by turning them about J/ as an axis. 

3. A new form of cell for fluids, made according to a sugges- 
tion of Professor Ostwald, by which it is possible to investigate 
two fluids simultaneously, and to measure directly the differences 
of their refractive and dispersive powers. | 

The plan referred to consists in placing a partition of black 
glass in the cylinder, parallel to the plane of the graduated cir- 
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cle, so as to divide the interior space into two cells, one of which 
is filled with the fluid which serves as a standard, and the other 
with that which is to be compared with it,—for example, the 
solution of any substance in the same fluid. With this arrange- 
ment not only are all errors due to differences of temperature 


S 
= 


Fic. 4. 


avoided, but the measurement of differences in refractive and 
dispersive powers is reduced to the micrometric measurement of 
the angular distance between two lines, which are visible in the 
field of the telescope. 

No special prism is required for differential measures in the 
case of solid bodies. The two substances to be compared are 
cemented together at a flat surface on each, and then treated as 
a single body; the only precaution to be observed in doing this 
is to so cut the surfaces 1 and II that they may be, at least 
roughly, perpendicular to the plane of separation. 
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In either case the differential measurements are facilitated by 
a stop, which can be placed in front of the objective so as to 
cover its right and left halves alternately. 

With respect to the application of the apparatus to the meas- 
urements which were also possible with the older construction 
(determination of ”,) the arrangement of its parts is essen- 
tially the same as before. The only features which can be 
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regarded as new in this respect are (aside from the different 
position of the sodium flame): 

A. An attachment, permanently secant with the eyepiece 
of the telescope, by which the initial direction of the telescope 
(zero reading of the circle) can be easily and quickly ascertained. 

It consists of a small reflecting prism (P, Fig. 5), so placed 
between the eyepiece and the cross-wires (which are inclined to 
each other at an angle of 45°) that it covers part of the latter. 
The greater part of the field of view, and particularly the inter- 
section of the cross-wires, is however, left free for the direct 
observation of the limiting rays. A light on the right of the 
observer, opposite the window a (Figs. 3 and 5), furnishes the 
illumination. The reflected images of the wires, being projected 
on the bright reflection of the opening of the prism P, are very 
readily found. 

B. A stop with elliptical aperture, placed over the middle of 
the objective. Its purpose is to intercept stray light coming 
from the upper face of the prism. 

By turning the cap on the objective end ¥ of the telescope, 
this aperture, or either of those mentioned above (under 3), can 
be brought in front of the objective; or the objective can be 
completely closed as a guard against dust or other injury. 
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DESCRIPTION OF A SPECTROSCOPE (THE BRUCE SPECTRO- 
SCOPE) RECENTLY CONSTRUCTED FOR USE IN CON- 
NECTION WITH THE 25-INCH REFRACTOR OF THE 
CAMBRIDGE OBSERVATORY. 


By H. F. NEWALL. 


THE spectroscope which is described in the present note has 
lately been constructed for use in connection with the 25-inch 
visual refractor (the Newall telescope) of the Cambridge 
Observatory. 

It has been arranged solely for photographing spectra, and no 
provision has been made for visual micrometric measurements. 

In designing the spectroscope, and especially in deciding on 
what may be described in general terms as a single-prism spectro- 
scope, I have been guided by the following considerations. The 
brighter stars in the northern hemisphere have been studied in 
considerable detail, and provision has been made for their being 
further studied at many observatories. A new instrument to be 
used in connection with an equatorial of large light-collecting 
power should be designed chiefly with a view to rendering work 
of high precision possible in the case of the fainter stars. For 
work of high precision it seems best at present to adopt a spectro- 
scope with collimator and slit, and to provide arrangements for 
getting comparison spectra from terrestrial sources. 

In the case of faint stars, the primary difficulty is to geta 
photograph at all, however little the purity or definition of the 
spectrum. It is therefore of the greatest importance to adopt 
arrangements which involve as little loss of light as possible in 
the spectroscope itself, and which ensure that as much as possible 
of the light collected by the object-glass of the equatorial shall 
pass into the slit of the spectroscope. 


' Reprinted from the Monthly Notices of the Royal Astronomical Society, January 
1896. 
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Preliminary work with spectroscopes of various constructions 
has shown that it would be necessary to modify the color 
correction of the visual refractor by some auxiliary lens, or else 
to put up with a very limited range of spectrum. The difficulties 
which arise in consequence of imperfect achromatism, in spectro- 
scopic investigations made in connection with large refractors, 
have been described by many observers ; most recently by Keeler. 
with reference to the Lick telescope (ASTROPHYSICAL JOURNAL 
I, p. 102, 1895), and by Bélopolsky with reference to the Pulkowa 
refractor (ASTROPHYSICAL JOURNAL 1, p. 366, 1895). 

The spectroscope may be briefly described as having a single 
large white-flint prism, transmitting a beam of light of circular 
section and two inches in diameter, and having a camera of fixed 
length, in which may be used either (1) an ordinary object-glass 
for giving a short spectrum of a very faint star, the spectrum 
being in this case 19"™".9 long from HB to midway between H 
and K, or (2) a telephoto-combination arranged so as to effectively 
double the length of the camera for giving a greater linear dis- 
persion for medium stars, the spectrum being in this case 44™™.5 
long for the same range as above stated. 

It is perhaps of interest to record here the linear extent of 
the spectrum from 78 to midway between H and K (the same 
range as above) for some of the spectrographs lately used by Dr. 
Vogel at Potsdam (ASTROPHYSICAL JOURNAL I, p. 200, 1895). 


No. I, used for velocity in line of sight, 69™". 
No. II, used for spectra of Mars or Jupiter, 7. 
No. III, used for Nova Aurigae, js 
No. IV, used for 8 Lyrae, 8™™.6 


The mode of attachment to the refractor is, I believe, unusual, 
and may be briefly described as follows: 

A correcting lens is inserted in the cone of rays coming from 
the object-glass of the refractor. It is set about five feet from 
the uncorrected focus; and the corrected focus is nearer to the 
object-glass by about eighteen inches. (The effective focal length 
of the combination is about twenty and one-half feet.) The 
corrected focus is thus drawn up inside the refractor. 
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The spectroscope is pushed up partly into the tube of the 

refractor so that the slit coincides with the corrected focus. 

In this arrangement many advantages are gained, notably the 

following : 

(1) An improved color correction results. 

(2) Strength is gained in the attachment of the spectroscope 
to the eye-end. 

(3) Space is economized, for the spectroscope is eighteen 
inches nearer to the object-glass of the refractor. 

(4) The whole spectroscope, being attached toa strong frame- 
work which is clamped to the focusing tube of the 
refractor, can be moved bodily in and out (for the purpose 
of focusing the star on the slit) without altering the 
adjustment of the parts of the spectroscope. 

(5) The convergency of the cone of rays from the object-glass 
of the refractor can be arranged to have a very convenient 
value; the convergency for the uncorrected object-glass 
is about I in 14.0, and with the correcting lens it becomes 
I in 10. 

(6) Asaconsequence of the altered convergency, the requisite 
resolving power can be attained in the single prism with 
shorter collimator. 


The one drawback that I realize at present is that, since the 
relation between the purity /, the resolving power &, and slit 
width s, and the ratio ¥ of aperture to focal length, is 


it is clear that the slit-width must, for a given purity and resolv- 
ing power, vary inversely asy. This I regard as a great dis- 
advantage; but it has seemed to me that there was a balance of 
advantage in favor of the lens. 

I was at first inclined to think that the inaccessibility of the 
slit was an insuperable objection. But the adoption of Huggins’ 
admirable plan of a reflecting slit-plate has got over all the 
anticipated difficulties. 


R, 
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Having thus briefly indicated the general method adopted, I 
proceed to describe some of the details. 


THE EYE-END OR BREECH-PIECE OF THE 25-INCH REFRACTOR, 


No doubt many of the conveniences of the adopted method 
of attaching the spectroscope depend on the arrangement of the 
eye-end of this special refractor. The sturdy massiveness of 
Cooke’s work has formed a splendid foundation, to which the 
spectroscope has been fitted. 

The steel tube of the refractor is cigar-shaped, wider in the 
middle than at the ends. At the eye-end the steel tube has a 
diameter of 21 inches, and to it is fitted a strong iron 
casting which contracts the opening with a rapid taper down 
to 8% inches, and forms a strengthening piece with a 
turned flange. Into the opening thus left is fitted a massive 
breech-piece (an arrangement of draw tubes, position circle and 
focusing mechanism), ending in a flange with a kind of bayonet 
joint, to which the various adapters for eyepieces, micrometer, 
solar eyepieces, etc., can be fitted. All apparatus fitted to the 
bayonet joint can be rotated in connection with the position 
circle, and can be racked in and out by means of the focusing 
screw through a range of 4 inches. The breech-piece weighs 
about 1% cwt., and its weight gives an idea of its strength. It 
is to this bayonet-joint flange, the aperture of which is 534 inches 
in diameter, that the spectroscopic appliances are attached. The 
plane of the flange, when racked in as far as the focusing screw 
will take it, is about 734 inches nearer to the object-glass than 
the uncorrected focal plane. 


THE CORRECTING LENS. 


A simple convexo-concave lens of aperture 5 inches, and of 
focal length 154 inches for light of wave-length 5890-6 is set 
in the convergent beam of rays coming from the object-glass of 
the refractor at a distance of about 62 inches from the focus, or, 
as I shall now call it, the uncorrected focus. The corrected focus 
is about 18 inches nearer to the object-glass. 
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The lens is mounted at the end of a brass tube, and the other 
end of the tube is provided with a heavy flange. The tube is 
pushed, lens first, into the refractor, and the flange is clamped 
into the bayonet joint at the end of the breech-piece. 

The position of the lens can be altered by the focusing screw, 
but when the lens is pushed in as far as it will go, then the new, 
or corrected, focus is inside the tube which holds the correcting 
lens about 11 inches from the new flange on the breech-piece. 

It is unnecessary to go into details concerning such a lens, 
inasmuch as Keeler has recently published (AsTROPHYSICAL 
JOURNAL I, p. 101, 1895) a note on work which is in great measure 
identical wich that which I undertook in considering the possibility 
of getting a satisfactory improvement of the color curve with a 
simple lens. Keeler has rejected the solution “ for the general case 
of large telescopes,”’ on the ground that the alteration which the 
use of such a lens would produce in the aperture of the convergent 
beam (7.¢., the ratio of the diameter of the cross-section of the 
convergent beam to the distance of the cross-section considered 
from the focal plane) is excessive. In the case he considers 
the ratio is altered from 1:19 to 1:5, and this would involve the 
use of a collimator of such unusual proportions as to be impracti- 
cable. 

But the question is—is it possible to produce a considerable 
change in the color correction without excessive change in the 
ratio referred to? Elementary calculations, similar to those pub- 
lished by Keeler, showed that it was worth while to have a lens 
made, and experimental determinations of the corrected separa- 
tion of the foci for different colors for the actual correcting 
lens used have convinced me that the improvement is considera- 
ble. It is clear that if the separation of the foci were reduced 
only in the same proportion as the convergency ratio, no advan- 
tage would be gained; when one of two colors was in focus on 
the slit the circle of aberration for the other color would be just 
as great as without the correcting lens. 

My lens is arranged to give a convergent beam, with ratio 
1:10, whilst the uncorrected object-glass has a ratio 1:14.0. 
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Under these circumstances the collimator of the spectroscope is 
of very convenient dimensions—namely, 2 inches aperture and 
20 inches focal length. A comparison of the diameter of the 
circles of aberration on the slit, first for the uncorrected object- 
glass and second for the corrected object-glass, shows clearly the 
advantage gained. If the light focused on the slit in each case 
is light of wave-length 4860 (8), the circles of aberration 
deduced from actual measurement.for Hy and H% have diam- 
eters as follows: 


Uncorrected O.G. With Correcting Lens 
mm mm 
0.00 0.00 
Hy 0.81 0.36 
H 1.94 0.97 


Photographs of star spectra are satisfactorily uniform from 
A 5896 (D) tor 4470. I refer here to uniformity of density; 
in another place I give suggestions as to a cause of unsatisfactory 
definition at the ends. 

The following point with respect to the focusing of the star 
on the slit may be noted. The distance between the slit and the 
correcting lens is fixed when the collimator is clamped in the 
framework. The focusing is accomplished by moving both 
spectroscope and correcting lens simultaneously in or out by 
means of the focusing screw. The distances between the 
correcting lens and the conjugate foci are so related that the 
movement of the lens and spectroscope through any given small 
distance produces a movement of the star-image through nearly 
exactly one-half that distance with respect to the slit. The 
focusing, which is of great importance, can thus be done with 
great accuracy. 


THE FRAMEWORK OF THE SPECTROSCOPE. 


The frame of the spectroscope consists of a heavy, hollow, 
conical casting of gun-metal with a flange at each end. The 
larger flange is that by which the whole spectroscope is clamped 
to the equatorial by means of four large thumbscrews; to the 
smaller flange is attached a strong ribbed aluminium casting, 
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carrying the pivots about which the whole camera can turn, and 
between which the prism is mounted. 

The collimator is held in the conical casting, the lens project- 
ing through a hole in the smaller flange and the aluminium cast- 
ing, and the plane of the slit being about 11 inches from the 
plane of the larger flange. The whole collimator is arranged to 
slide through a small range (about % inch) so that the distance 
between the slit and the flange may be adjusted. The final 
focusing of the star-image on the slit is accomplished by moving 
the whole spectroscope in or out by means of the large focusing 
screw on the breech-piece. 

About midway between the flanges on the conical casting the 
casting is thickened, so thata cylindrical ring is formed which 
facilitates the attachment of several accessory arrangements: 
(i) a telescope and reflectors to enable the observer to view the 
slit as from in front; (ii) condensing lenses and reflectors to 
throw an image of a spark or tube for comparison spectra upon 
the slit; (iii) a clamping screw to hold the stay-rods by which 
the camera is prevented from turning about the pivots; and 
several other small things which it is not necessary to specify. 


THE COLLIMATOR AND SLIT AND GUIDING COMB. 


The collimator has a focal length of 20% inches (520™") 
and an aperture of 2% inches (54™"), the object-glass being a 
visual achromatic. 

The stout collimator tube is made so that it can slide through 
a small range in the frame of the spectroscope; and when the 
tube is clamped in position the object-glass can be moved rela- 
tively to the slit by means of arack and pinion. A scale is 
attached by which the focus-reading can be read off. 

The slit is arranged after the admirable device of Dr. Huggins. 
The jaws are made ot speculum-metal, and the exposed faces are 
highly polished, so as to form a single plane surface, which is 
inclined at a small angle to the axis of collimation. Great care 
was taken to work the sharp edges in a proper manner. 

When the image of a star is thrown upon the slit, some por- 
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tion of the light passes through the slit; the rest is reflected by 
the polished faces of the jaws onto a small mirror, fixed in front 
of the slit and displaced slightly to one side, so as not to inter- 
fere with the incident pencil. The mirror, together with a system 
of lenses and a reflecting prism, enables the observer to view 
the slit: he looks into an eyepiece attached to the conical frame- 
work in a direction perpendicular to the axis of the collimator, 
and sees the slit and any images (whether of star or of spark 
for comparison spectra) that may fall upon it from the proper 
quarter. 

In front of the slit is set a small movable guiding comb, 
which enables the observer to set the star-image on any required 
part of the slit. The teeth of the comb cover certain parts of 
the slit, and leave the rest exposed. By a suitable mechanism 
the comb can be either moved by a very small amount up and 
down the slit, or altogether withdrawn so as to expose the whole 
slit. By making the teeth of the comb twice as wide as the gap 
between them, it is arranged that three spectra can be set side 
by side—e. g., a star spectrum taken between two spark spectra, 
one of which is taken before, the other after, the star spectrum. 
In this mode of procedure any changes of adjustment that may 
have arisen during the exposure for the star spectrum, in conse- 
quence of change of temperature or in the position of the spectro- 
scope, may be at once detected in the photograph. 

The beautiful device of Dr. Huggins’ reflecting slit is only 
open to one objection, so far as I am aware. Let us suppose it 
is desired to investigate a spectrum near Hy. In this case it is 
necessary to focus Hy light on the slit and to keep it on the slit. 
It is difficult to do this, in consequence of the chromatic aberra- 
tion of the equatorial; but the following device has proved 
efficacious. From time to time the star is observed on the slit 
with a small direct-vision compound prism held between the eye 
and the guiding eyepiece in such a way that the length of the 
spectrum is parallel to the length of the slit. The slit then 
appears as a fine dark line running along the length of the 
spectrum, which is narrow at the part or parts focused on the 
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slit, and has at any other part a width determined by the diam- 
eter of the circle of aberration of the light corresponding to 
that part. The star is then moved until the narrow parts of the 
spectrum fall on the slit. The prism is then removed, and the 
position of the slit with respect to the slightly blurred star-image 
is noted, so that guiding can be continued with only occasional 
recourse to the prism. 

In such work as the investigation of the spectrum of special 
parts of a planet or a nebula the reflecting slit is invaluable. 


THE PRISM. 


The prism at present used is a white dense flint prism of 60°. 
The height is 2% inches (54™"), and the length of the side of 
the triangular section is 33% inches (86™"). 

The resolving power for A 5896 is about 7600; 6A=.8 tenth-meter. 
A 5000 12000 “  .4 

A 4250 22000 “  .2 

The edges and angles of the prism are all ground blunt, and 
the prism is partly encased in aluminium sheet, which is bent so 
as to cover the triangular faces (the ‘‘top”’ and the ‘‘bottom’’) 
of the prism and also the ground rectangular base, but so as to 
leave the two polished rectangular faces free. Two small gun- 
metal bosses are fitted to the aluminium case, one fixed on the 
bottom, the other being adjustable within small limits on the top 
of the prism. Fine center-holes are drilled through the bosses 
and the line joining them is made parallel to the refracting edge, 
the final adjustment being made by moving the adjustabie boss 
by fourscrews. Two screws with fine conical points pass through 
the pivots about which the camera turns, and the prism is held 
in its case between these conical points or male centers, which are 
screwed through the pivots into the female centers in the bosses. 
The prism thus held is free to turn about an axis through the male 
centers. An arm projecting from the top of the prism-case is 
pressed by a spring against the end of a screw which is fixed 
to the frame-work, and a slow motion for adjusting the prism 
for minimum deviation is thus provided. 
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This mode of holding the prism has proved very satisfactory. 
The slit at the end of the collimator is adjusted to parallelism 
with the line joining the male centers, and this ensures parallelism 
with the refracting edge of the prism, provided that the line 
through the female centers has been adjusted. 


THE CAMERA. 


The camera is made of a brass tube about Io inches long 
joined rigidly to a tapered box of rectangular section, made of 
aluminium sheet and having a length of 10 inches. The total 
length of the camera is thus 20 inches. 

The following object-glasses can be used in it, each having an 
aperture of 2% inches (54™™). 

(1) A visual achromatic object-glass of focal length 20 inches 

(508™"). 

(2) A plano-convex quartz lens of focal length 20 inches. 
The use of an uncorrected lens of this kind is convenient 
when flat photographic plates are used. With two similar 
achromatic lenses in the collimator and camera, the result 
of the over-correction of both lenses is to give a spectrum 
which cannot be in focus over a considerable range 
unless a curved plate or film is used. If an uncorrected 
lens is used in the camera in connection with an over- 
corrected lens in the collimator, the spectrum is flatter. 
Whether it is better to use glass or quartz for the 
simple lens depends upon the character of the color 
correction of the achromatic object-glass used in the 
collimator. 

In laboratory work I have used a spectacle lens of 36 inches 
focal length in connection with an over-corrected “achromatic” 
collimating lens and have got admirable spectra from the D lines 
to A 3800 photographed in sharp focus on a single flat plate 
without tilting the plate. I have not seen the method described, 
but it is so simple that it is most probably known. 

(3) A telephoto-combination, designed and used in sucha 

way as to have an equivalent focal length of about 40 
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inches (1016™") though the extreme actual length of 
the camera is the same as with the other object-glasses, 
namely 20 inches (508™™). 

The use of this optical device was only decided upon after 
numerous experiments, and I take this opportunity of expressing 
my obligations to Messrs. Dallmeyer for their kindness in letting 
me try some of their combinations before having a pair made for 
use in this spectroscope. 

If justification of the use of this method be required, it may 
be based on the following considerations. The prism used is of 
such dimensions that the resolving power is considerably higher 
than that which a photographic film with its markedly granular 
structure can ever do justiceto. The theoretical resolving power 
of my prism is a little more than one of Professor Vogel’s com- 
pound prisms. Professor Vogel* has expressed the opinion 
that the performance of his prisms would have warranted a large 
increase in the focal length of the camera, but such an increase 
would have increased the linear dispersion so much that only the 
brightest stars could have been observed with the Potsdam 
refractor. The question therefore presents itself: Is it better to 
use two prisms and a short camera or one prism and a long 
camera? The only considerations which bear on the point are 
practical, and it appears to me that the coarseness of granularity 
of available photographic plates is the most important factor; for 
it would seem useless to employ an optical resolving power greater 
(except by an arbitrary amount for margin) than the defining 
power of the photographic plate. If the necessary resolving 
power can be attained with a single prism of manageable 
dimensions, the balance is in favor of the single prism, for it 
involves a smaller loss of light. 


SCALES ON THE INSTRUMENT. 


The importance and convenience of having scales on the 
instrument, by which every adjustment of every adjustable part 
can be recorded, cannot be overestimated. 


* Publ. d. Astroph. Obs. zu Potsdam, 7, pp. 20, 21, 1892. 
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The following scale readings are taken for each exposure made 
on the telescope : 

1. Position angle of the slit, usually go°. 

2. Focus reading, localizing the position of the slit amongst 
the colored images of the star formed on the collimation axis of 
the equatorial. 

3 and 4. Focus readings of the collimator and camera. 

5. Inclination of the photographic plate. 

6. The inclination of the axes of camera and collimator. 

7. Width of the slit. 

8. Temperature recorded by a thermometer attached to the 
camera. 

g. The part of the slit exposed at different times during any 
exposure. 

There is still needed a tenth scale to record the position of 
the prism. 

SOME NUMERICAL DETAILS. 


The weight of the spectroscope is twenty-six pounds; the 
weight of the flanged tube which holds the correcting lens, 
thirteen pounds. 

Assuming, for the sake of definiteness, that determinations of 
radial velocity would be made by measurements near Hy, the 
following details give a more precise idea of the conditions under 
which such measurements could be made with the spectroscope 
described in this note. 

The spectrum near //y has a linear dispersion 1™ to 21A 
(tenth-meters). Taking the minimum measurable quantity to be 
o™.001, this would correspond to 0*.021, or to ,‘sec., or 
0.9 mile sec. (In Vogel’s classical researches, O™".OOI corres- 
ponded to 0.013, or o*".g /sec., or 0.6 mile /sec.) 

The diameter of the first diffraction-ring in the corrected 
image formed by the object-glass of the equatorial and the cor- 
recting lens is, for //y,o™™.O11. 

Near /fy, since the resolving power of the prism is 22,000, the 
purity of the spectrum can never be advantageously greater than 
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7000. The following table shows the relation between the 
purity and the slit-width. 


Spectrum pure enough to 


Purity Slit-width separate two lines for 
mm which 4A is 

7300 0.0086 0.60 tenth-meter 

5500 0.025 0.79 “ 

4340 0.035 1.00 


Actual measurement shows that the distance between the 
centers of neighboring grains on a photographic film of average 
goodness lies between o™™.01 and 0™".035, and a fair average 
value seems to be 0™".02 or o™".025. With the telephoto camera 
the image of the slit is twice as wide as the actual slit. It is 
thus seen that, with a slit-width 0™.025, the image on the plate 
involves two grains in its width. 

It will be noted that the width of slit is, in the case just 
dealt with, twice as wide as the diameter of the first diffraction- 
ring in the star image. It would seem to me to be convenient to 
introduce the term ‘tremor-disk.” The name more or less 
explains itself: it is easiest to state what it is intended to convey 
by reference to a photograph of a star taken with a long exposure. 
The star-image moves about on the plate in consequence of 
atmospheric tremor, and produces its effect at each spot on which 
it rests; the developed image is strongest where the star has 
most frequently rested; the distribution of density is probably 
symmetrical about the mean position of the star, and the inten- 
sity at different points along a diameter of the resulting tremor- 
disk is probably fairly well represented by a ‘law of errors” 
curve. Apart from the photograph, which shows the summation 
of the effects, the tremor-disk may be conceived as existing in 
time, so to speak; and the effect produced in a slit-spectroscope 
depends on the relation between a certain area of tremor-disk 
and the area of the slit illumined by it. The tremor-disk is of 
greater importance, so far as the design of a stellar spectroscope 
is concerned, than the diffraction-disk, which has generally been 
considered. 

The tremor-disk at Cambridge frequently has a diameter of 
8" or even 10"; and on average nights it is probably fully 5’. 
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Assuming that the bright central part is 3", this would be a disk 
whose linear diameter is 0™".09, and whose area is three times 
as great as the illumined part of the widest slit which it is 
thought advisable to use. 

The instrument has been named the Bruce Spectroscope, since 
it is one of the numerous outcomes of Miss Bruce’s Grant in Aid 
of Astronomical Research. A portion of this grant was, through 
Professor E. C. Pickering, awarded to Professor Adams for the 
purchase of an instrument for the Cambridge Observatory; and 
it was decided to use it in providing a spectroscope for the 25- 
inch refractor. As the spectroscope is, in this sense, of American 
origin, it is a special satisfaction to record that the optical parts 
were (with the exception of the Dallmeyer telephoto-combina- 
tion above referred to) made in America. They were supplied 
by Mr. Brashear, of Allegheny, and the excellence of their finish 
and performance is admirable. The mechanical parts of the instru- 
ment were made by the Cambridge Scientific Instrument Com- 
pany; and I gladly take this opportunity of saying how much 
their care in carrying out the somewhat troublesome design, and 
the ingenuity with which many difficulties were overcome, have 
contributed to the success of the instrument. 

At the present moment I am not quite prepared to express a 
final opinion on the success of the general design of the instru- 
ment, for there are some points on which I wish to have more 
precise knowledge. I had hoped to have gained that knowledge 
before presenting this description, but the weather has been so 
unfavorable —there has not been a single observing night in the 
past four weeks—that my hopes have been frustrated, and it 
has seemed better to present the description at once and leave 
for a later communication some account of the points I have 
referred to. 


Meanwhile it will probably be of interest to give the following 
particulars with reference to the spectra photographed with the 
telephoto camera and with a slit-width of o™™".02. 

With an exposure of seven minutes, the spectrum of Venus 
comes up with excellent clearness. 
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With an exposure of ten minutes, the spectrum of a Lyrae from 
D to Hy is over-exposed in some parts. 

An exposure of twenty minutes gives the spectrum of a Aurigae 
at Hy at its best. 

An exposure of thirty minutes is enough for y Cassiopeiz, and 
with this exposure the doubleness of the bright hydrogen lines, 
HB and Hy, is clearly seen. 

An exposure of forty or fifty minutes is required to give a 
spectrum showing the green bands in a Orionis satisfactorily 
With this exposure the spectrum is shown from D to A 4400. 

It should, however, be stated that the width of the spectrum is, 
in the case of stars, small—rather less than 1™™. This small 
width is found enough for measurement with the microscope, and 
I have not as yet made any wider spectra for inspection without 
the microscope. 


| 
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LIGHT CURVES OF VARIABLE STARS 


LIGHT CURVES OF VARIABLE STARS DETERMINED 
PHOTOMETRICALLY. 


By EDWARD C, PICKERING. 


A nEwW form of photometer for measuring the brightness of 
faint stars was described in THE ASTROPHYSICAL JOURNAL, 2, 89. 
It has been used in determining the light curves of a number of 
variable stars, and some of the results are represented in Plate 
XXII. In any careful study of the causes of the variation of 
different stars, photometric measurements are almost indispen- 
sable. Argelander’s method, in which the differences in bright- 
ness of the variable and of other stars of nearly equal bright- 
ness are estimated in grades, serves very well in determining the 
period of the variation. But as soon as we wish to study the 
nature and amount of the changes the magnitudes must be 
reduced to a photometric scale. If an arbitrary scale is used, 
like that of Argelander, we have no certainty regarding the 
amount of the change. The unit is different for different parts 
of the scale, and the scale itself varies in different parts of the 
sky. Moreover, for stars fainter than the ninth magnitude the 
standard is very uncertain. It is doubtful which is brighter, 
the twentieth magnitude of Herschel or the twelfth of Struve. 
Again, repeated observations cannot be made by the method 
of Argelander, as when the observer has once made up his mind 
regarding the relative brightness of two stars, he cannot obtain 
an independent estimate. Every observer of the Algol stars 
knows how much an estimate may be affected by a previous 
knowledge of the predicted time of minimum. The method of 
grades possesses many advantages, and is used at Harvard Col- 
lege Observatory in determining the brightness of variable stars 
of long period. Many stars are observed, once each night, so 
that the next night the observer has forgotten his previous 
estimates and is able to make unbiassed observations. The 


magnitudes of the comparison stars are determined pho- 
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tometrically, and the entire system of observations is thus 
reduced to a scale which is sensibly uniform throughout, and is 
the same in all parts of the sky. There are some great advan- 
tages in measuring photometrically the brightness of variables 
directly instead of indirectly by comparison with other stars. 
Measures may be repeated indefinitely since each is independent 
of those preceding it, and the variation is found at once with- 
out the laborious operation of measuring a number of other 
stars. 

With the photometer mentioned above any two stars within 
half a degree of each other may be compared, and the variable 
may thus be observed continuously during an entire evening. 
Four examples of light curves derived from observations 
obtained with this instrument are shown in Plate XXII. The 
observed points are represented by circular dots. Correspond- 
ing magnitudes derived from photographs are represented by 
small circles, and the results of measures with the meridian pho- 
tometer by small crosses. In each case the vertica! scale is 
such that one division represents half a magnitude. The zero 
points of the scales have not yet been determined with accuracy, 
as the measures here described only give differences in magni- 
tude. The absolute magnitudes will be determined later in each 
case with the meridian photometer. The horizontal scale for 
Fig. 1 is such that one division represents twenty-five days, in 
the other figures it represents fifty minutes. The results of 
measures of the variable star of long period, T Andromedae, are 
shown in Fig. 1. Six sets of four settings each were made on 
thirty-five nights beginning July 29, 1895, and ending February 
12, 1896. A maximum is indicated on September 15, 1895. The 
small circles representing the photographic results are in general 
derived from the mean of two estimates by the method of 
grades, of the images on five photographic plates on different 
nights. All of the photographic magnitudes have been dimin- 
ished by 0.80 to allow for the red color of the star. The later 
photographs show a systematic deviation, probably due either 
to a change in the color of the star as it becomes fainter or 


| 
| 
| 


LIGHT CURVES OF VARIABLE STARS 283 


to a difference in the scale. Omitting the last two points, the 
average deviation of the others, is + 0.09. Each observation 
with the meridian photometer is derived from eight photometric 
settings. The average deviation is + 0.08. 

The advantages of the photometric method in the case of a 
star suspected of changing rapidly is illustrated in Fig. 2. It 
shows the results of the measures of the Algol variable Z Her- 
culis on the evening of September 14, 1895, from 13° 51™ to 17° 
35" G. M. T. The total number of settings is 368, divided into 
23 groups of 16 settings each. According to the ephemeris of 
Professor Dunér (ASTROPHYSICAL JOURNAL, I, 289), a secondary 
minimum of this star should have occurred on that evening at 
14° 6" G. M. T. No evidence of such a minimum appears from 
these observations, the separate results differing from the mean 
by only + 0.04. The observations of one of the principal minima 
of the same star, on July 26, 1895, are shown in Fig. 3. Contin- 
uous observations lasting for more than six hours were made and 
consisted of 560 settings divided into 35 groups. The form of the 
light curve is well shown, and also its deviation from the ephem- 
eris, which amounts to seventy minutes. Both of these quanti- 
ties would be better represented if the vertical scale was 
increased, but the nature of the variation of the different stars 
seemed to be better shown by using the same vertical scale for 
all. Similar observations have been made of ten other minima 
of this variable, the observations each night generally lasting 
for more than three hours. 

Observations of the Algol variable, U Cephei, on December 3, 
1895, are shown in Fig. 4. They lasted for about seven hours, 
during which time 448 settings, divided into 28 groups were 
made. The haziness increased during the evening and at about 
the predicted time of minimum the star was partially obscured 
by well-marked bands of cirrus cloud which were clearly seen in 
the moonlight. The curve shows that the results are not 
sensibly affected. The difference in brightness of the variable, 
+ 81° 25, and the comparison star, + 81° 27, is the quantity 
measured. As their distance apart is only about 14’, their 
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brightness is equally affected by clouds. An error of about 
half an hour in the ephemeris is indicated by these observa- 
tions. 

A series of measures of the same star was made at the same 
time with the meridian photometer. The results are represented 
by crosses. They are instructive as showing the accuracy 
attainable with this instrument when the accidental errors are 
reduced by repeating the measurements. Four settings were 
made of the photometer circle to determine the difference in 
brightness of A Urse Minoris and the star to be measured. Two 
such sets of observations of the variable were made, one of 
+ 81° 27, and then two of the variable, thus forming a group of 
twenty settings. This was repeated fifty-five times during the 
six hours of observation. The total number of settings was 
1100, 880 on the variable and 220 on + 81° 27. Each point on 
the curve represents the mean of five groups. The time of observ- 
ing a group was four minutes, and the time spent on each set- 
ting was ten seconds. This is about the rate at which settings 
are made in the regular work with this instrument. The errors 
seem to be extremely small, although the conditions were not 
especially favorable. The clouds mentioned above stopped 
observations for an hour and a half after the minimum. 
Although their effect was insensible with the other photometer 
in which stars but a few minutes apart were compared, they 
could not be neglected with the meridian photometer, since in 
it the stars are compared with A Ursae Minoris, which is several 
degrees distant. The Moon also, which was full on the preced- 
ing day, combined with the haze to render the variable at 
minimum so faint that it could be seen and measured only with 
great difficulty. 

A systematic difference, somewhat exceeding a tenth of a 
magnitude, appears to exist between the two instruments. It is 
probably due to the variation of the planes of polarization of the 
different portions of a ray of light, a part of which passes 
obliquely through prisms of Iceland spar, or to similar sources 
of error. This will be a subject for future investigation. 
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The four principal series of measurements were made by Mr. 
| O. C. Wendell with the 15-inch equatorial of this Observatory. 
The photographic magnitudes of T Andromedae were deter- 
mined by Mrs. Fleming, and the observations of U Cephei with 
the meridian photometer were made by the writer. 


HARVARD COLLEGE OBSERVATORY, 
March 3, 1896. 
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THE ARC-SPECTRA OF THE ELEMENTS. IV. 


RHODIUM, RUTHENIUM AND PALLADIUM. 


By HENRY A. ROWLAND and RoperT R. TATNALL. 


| WE give below the results of our measurements of the 
wave-lengths of violet and ultra-violet lines of Rhodium, 
Ruthenium and Palladium, thus completing the present series 


: of measurements, of which previous portions have appeared in 
‘ THE ASTROPHYSICAL JOURNAL for January, February and October, 
1895. 


| As before, the following abbreviations are used in the tables: 
i r indicates reversed; s indicates sharp; n indicates hazy. 


RHODIUM. 
(W.-1. 3000 to 4500.) 


Intensity Intensity | Intensity | Intensity 


Wave-length and Wave-length and Wave-length and Wave-length and 


Character Character | Character |Character 


; 2986.321 | 4 3.263.268 5 3360.038 | 3 3435.039 | 20r 

3004.555 2 3271.730 5 3300.947 4 3440.671 | 12 
3024.019 3 3280.664 5 3362.330 2 3442.775 | 2 
3076.006 6 3281.822 3 3368.918 I 3447.883 4 
308 4.081 5 3282.455 5 3372.391 6 3448.723 3 

4 3100.407 2 328 3.095 8 3372.068 I 3450.435 4 

j 3100.556 2 3289.266 4 || 3377.282 3 3451.298 3 

1 3115.026 2 || 3289.750 2 3377-856 2 3455-305 6 

3121.873 3 | 3294.404 3 3381.589 3455-571 3 
3123.814 4 || 3296.842 2 3385.924 3 3457-216 4 
3137-824 2 | 3300.593 4 3389. 361 2 3458.072 5 
3152.719 || 3302.712 5 3391.927 3462.184 20r 
3155-893 3 || 3303.068 4 | 3395.040 I 3469.770 8 
3179.843 2 3323.228 15 | 3396.960 20 r 3470.805 | I6r 
3185.710 2 | 3331-230 2 3399.839 5 3472.393 
3189.164 4 || 3331.381 2 || 3406694 | 3 3474-920 
3191-305 | 6 3338.087 4 || 3407.883 | 2 3478.640 2, 
3194.660 3343-039 2 || 3412.417 | 3479.053 Isr 
3197.248 3344-340 2 | 3420.312 2 3484.184 4 
| 3345-156 10 | 3422.434 2 3487.303 2 
3237-777 | 2 3345-707 4 | 3424-532 | 7 3487.609 2 
3261.175 | 2 || 3346.071 I 3432.238 | 2 3491.218 2! 


* Not certainly due to Rhodium. 
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RHODIUM.—Continued. 
Intensity Intensity | Intensity Intensity 
Wave-length | and Wave-length an Wave-length and Wave-length and 
Character Character Character | ter 
3.491.353 3 3662.018 5 3818.339 4 | 4129.054 
3494-591 3 3666. 366 8 3822. 399 4135-445 13r 
3498.878 10 3667.005 7 3828.615 15r 4137.025 I 
3502.674 25r 367 3.710 2* 3834.020 I5r 4154.521 4 
3505-558 4 3674.916 5 3834-895 3 4158.634 2 
3507.406 I2r 3679.353 3856.165 4 |; 4177.803 2 
3511.691 2 3681.184 7 3856.654 20r 4196.661 7 
3511.940 3 368 3.030 2* 3870.151 5 4206.777 3 
3513.258 3 || 3683.015 4? 3872.532 3 4211.304 20r 
3519.692 3. | 3690.853 10r 3877.482 4 4218.153 I 
3525.808 4 3691.477 3 3886.470 3 4221.362 I 
3528.177 25r 3692.502 4Or 3904.359 2 4230.358 2 
3530.536 2 3695.099 2 3912.964 2 4244599 3 
3538.293 4 3695.669 7 3913.648 4 4258.617 I 
3538.391 3 3698.410 5 3922.337 5 4260.706 I 
3542.065 6 3698.742 5 3934.368 4273-581 4 
3544-097 5 3699.458 3 3935-120 4 4276.974 2 
3549.089 6 3701.056 30r || 3935.983 6 | 4278.755 4 
3550.145- 2 3709.773 2 | 3942.059 8 | 4288.867 
3564.282 | 3713.172 5 | 3959.009 20r 4296.931 
3570.333 | 10 3713.575 4 3964.688 3 4308.988 | 2 
3583-252 20r 3714.975 4 3975-405 5° 435.123 3 
3583.683 4 3735-429 7 3984.556 | 5 4325.578 1 
3590.678 3 37 36.295 4 3995-706 4330.176 I 
3596.185 3737-421 5 3996. 307 6 4342.604 4 
3597-294 20r 3744.325 5 4023.301 4 | 4345-245 2 
3598.051 5 3748. 362 8 4048.571 4345.626 3 
3602.182 2 3754-2608 5 4049.200 | 2 4349-333 2 
3606.019 8 3754-431 5 4053.603 | 2 4373-212 6 
3608.243 2 3755-730 3 4056.503 | 2 4374-981 
3612.618 8 3760.559 3 4977-748 | 4 4376.347 | 1 
3614.931 6 3765.227 4080.699 | I 4380.082 8 
3620.605 7 3770.125 5 4081.975 2 4388.215 | 2 | 
3626.744 12 3778.279 5 4082.949 10 4402.716 I ; 
3627.334 3 3788.624 8h 4084.450 2 4423.824 I 
3627.957 4 3793-364 4087.948 2 4424.217, 
3639.662 3799.461 Ior3 4088.051 2 4433-489 3 
3651.505 2 3806.070 4 4097.692 6 4492.643 4 
3654.569 I 3806.908 5 4107.065 4 4503-955 3 
3655.026 10 3809.648 3 4116.496 4 4528.901 7 
3656.994 2 3812.603 3 | 4119.852 5 4569.184 4 
3658.135 25r 3815.166 3 || 4121.855 gr) 
3661.748 2 3816.611 4 || 4125.068 I 
* Not certainiy due to Rhodium. { 
? Superposed on Pb line. 
3 Distinct from Ru 3799.489. | 
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RUTHENIUM. 
(W.-2. 2975 to 4200.) 
Intensity ; ‘ Intensity Intensity Intensity 
297 4.095 2 3096.669 4 3238.660 3 3344-679 2 
2974-457 I 3097-337 I 3239-727 3345-457 
2976.700 3 3097.708 2 3241.360 3 3347-757 2 
2977-037 4 3099.390 4 3243-632 3 3348.153 I 
2979.834 2 3100.945 4 3251-459 I 3348.847 2 
2980.056 2 3105.523 I 3252.029 I 3352.075 2 
2982.048 2 3106.954 I 3253.041 2 3353-790 2 
2989.061 5 3107.825 2 3254.670 3 3359.239 5 
2989.768 I 3110.650 2 3254.834 3 3362.151 3 
2993-385 2 3112.031 2 3256.460 2 3362.473 I 
2995.077 4 3112.792 I 3258.173 2 3.364.243 2 
2997.006 2 3118.182 2 3259.805 2 3368.524 2 
2997.536 2 3118.799 2 3260.201 I 3368.604 4 
2997.7 30 3124.279 3 3260.477 5 || 3371-992 3 
2998.458 2 3124.480 I 3261.256 I || 3374-790 3 
3001.751 3 3124.720 I 3263.984 I || 3378.170 3 
3006.699 3 3120.075 3 3.264.688 3379-744 3 
3008. 366 2 3129.951 2 3264.790 3380. 308 3 
3008.906 2 3132.995 3 3268. 346 4 3385-297 3 
301 3.030 2 3136.671 3 3273-208 4 || 3385.608 I 
301 3.468 2 3140.604 I 3274.834 4 || 3385.836 2 
3020.985 4 3141.094 2 3277-697 3 || 3387.369 I 
3033-564 3 3144.383 2 3285-066 3 || 3388.846 3 
3034.169 2 3147.326 I 3294-233 4 | 3389.644 3 
3038.284 2 3150.816 2 3296.248 3 || 3392.032 2 
3040.420 3 3153.941 3 3296.780 3 || 3392.672 5 
3042.587 3 3160.042 5 3297-389 2" ||  3401.646 2 
3042.944 2 3168.678 4 3298.089 3 || 3401.876 4 
3045.828 3 3174.254 2 3298.549 2 || 3406.025 2 
3048.603 2 3177.170 2 3299.466 2 || 3406.731 3 
3048.900 3 3186.162 4 3.304.126 2 || 3409.424 5 
3055-039 4 3188. 468 4 || 3304-951 2 || 3411.780 4 
3058.891 I 3189.843 I 3306.310 4 || 3412.939 3 
3059.275 2 3190.096 4 || 3311.096 2 3414.782 2 
3064.951 4 3192.191 3 || 3315.363 4 | 3416.320 2 
3068. 363 2 3196.725 3 || 3315.579 2 || 3417.466 Ior 
3071.711 I 3201.631 2 3316.524 4 | 3418.117 2 
307 3-442 4 3213-105 3 3318.025 3 || 3419.389 2 
3076.88 3 2 3216.646 3 3318.965 3 3420.236 3 
3081.010 3 3220.199 I 3325.136 3 3.426.089 2 
308 3.257 I 3221.311 I 3327.843 2 3.428.460 sr 
308 4.637 I 3223.394 4 3332.190 2 3428.769 5 
3086.182 2 3226.502 4 3332.781 2 3429.689 i 
3089.259 3 3227.027 I 3335-836 4 || 3430.908 4 
3089.916 2 3228.007 3 3339.690 6 || 3432.348 3 
3090. 348 2 3228.280 I 3341.230 2 | 3.432.896 4 
3091.980 2 || 3228.651 3 3341.365 I 3433-397 3 
3094.507 2 || 3232872 2 3341-811 3 || 3435-327 4 
| 


* Not certainly due to Ruthenium. 
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Intensity Intensity Intensity Intensity 
3436.475 3 3593-178 13r 3717.822 2? 3825.074 2 
3430.883 20r 3596.342 3719.468 4 3828.319 5 
3438.510 5 3599-914 5 3725-117 3 3828.849 2 
3440.351 5 3601.630 3 3726.239 5 3831.934 4 
3449-107 I 3605.785 3 3727.073 15r3| 3835-191 3 
3456.763 3 3608.878 4 3728.173 I5r 3838.201 3 
3.462.186 4? 3609.247 2 '3730.577 1or || 3839.832 3 
3.463.286 3 3617.100 3 3730.737 3 3850.561 3 
3467.192 2 3619.348 3 3731.048 I 3852.260 2 
3473-892 9 3620.434 2 3732-170 2° 3857-680 4 
3481.449 4 3625.339 4 3733-188 2 3862.819 4 
3483-317 3 3626.886 4° 3737-540 3 3865.547 3 
3483-438 3 3627.433 2 3737.902 2 3867.962 3 
3494-404 3 3631.859 3 3738.773 2 3873-660 3 
3496.131 3 3634 064 3 3739-057 2 3876.229 I 
3496.272 2 3635.084 I2r 3739.610 4 3884.207 2 
3498.086 2 3635.058 2 3742.422 Ior 3884.849 2 
3499.095 35r 3637.612 3 3742.933 7 3887.960 2 
3513-799 3 3638.161 2 3744-363 3 3890.347 3 
3514.031 5 3640.786 3 3753-084 4 3891.564 2 
3519.785 4 3646.262 3 3755-234 3 3892.364 5 
3520.286 4 3650.465 3 3755.868 2 3892.915 I 
3528.832 4 3652.460 2 3756.075 5 3897.383 2 
3531-543 4 3654.549 4 3759-979 7 3898.498 2 
3532.962 4 3660.961 2 3760.163 Ior 3901.391 3 
3535-537 3 3661.525 lor 3761.655 3 3908.906 2 
3535-988 4 3661.721 2 3764.173 2° 3909.222 5 
3538.100 4 3663.520 6 3767.495 4 3912.252 2 
3539-415 : 3669.688 63 3773-314 2 3914.990 3 
3539-521 3 3671.355 2 3777-729 4 3920.060 4 
3541.777 4 3672.521 2 3778.853 2 3923-615 6 
3547-131 2 3675.400 I 3786.194 lor 3924.774 2 
3550.419 3 3676.808 2 3790.655 I2r 3926.062 6 
3553-998 2 3677.098 I 3795-052 2 3931.920 5 
3550.773 2 3678.456 4 3795-316 2 3933-700 4 
3557-207 2 3686.086 2 3798.189 3 3938.060 3 
3562.04 3 2 3693-734 2 3799-042 3941.819 2 
3564.509 2 3696.725 4 3799-489 15r 3942.215 3 
3564.719 2 3697.906 2 3800. 393 3 3944-339 2 
3564.949 2 3701.456 2 3803.326 3 3945-730 4 
3567.309 2 3702. 369 2 3805.570 22 3946.468 2 
3570.748 4 3703-343 2 3808.824 3 3949.560 7 
3571.913 2 3705.496 2? 3812.869 2 3950.183 3 
3574-748 3 3712.444 3 3814.976 af 3950.371 4 
3579-924 2 3715-705 3 3817-424 3 3950.556 3 
3584.349 I 3716.314 3 3819.173 2 3951.360 2 
3589. 360 7 3717-146 4 3822.233 3 3952.844 4 


? Distinct from Rh 3462.184. 


? Not certainly due to Ruthenium. 


3 Also Fe. 
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RUTHENIUM.—Continued. 

Intensity Intensity}: Intensity | Intensity 
Wave-length anc Wave-length and Wave-length and || Wave-length anc 

Character Character Character) | Character 
3957-600 2 4100.530 2 4226.824 2 4361.371 | 7 
3965-055 4 4102.443 2 4229.475 3 4361.597 | 2 
3974.650 2 4108.001 3 4230.478 5 4371.306 = 3 
3978.600 5 4108.224 2 4232.481 4372.363 | 6 
3979-571 5 || 4112.905 10 4236.834 3 | 4 383.526 3 
3985-007 6 || 4113-542 3 4241-215 © || 4385-553 5 
3987.942 5 || 4118.666 2 4243.216 7 4385.814 5 
3990.128 4 | 421.153 3 4244.992 4 | 4.386.436 3 
4005.793 3 || 4123.227 3 4246.498 3 | 4 390.605 6 
4006.748 2 || 4127.609 2 4246.893 4 | 4391.191 3 
4007.686 2 || 4128.035 2 4259-144 5 | 4397-966 4 
4008.418 2 || 4137-394 3 4265.762 2 | 4410.193 | 6 
4013.652 2 || 4144.324 7 4277-413 2 | 4421013 | 2 
4022.315 5 || 4145.905 5 4278.844 2 | 4421.626 | 3 
402 3.986 5 4146.939 4 || 4282089 | 2 | 4428.631 4 
4024.847 2 || 4148.539 2 || 4282.367 4439.935 4 
4031.155 2 || 4150.470 2 4284.490 6 4444.081 2 
40 32.362 3 4161.823 3 4287.204 4 | 4 
4039.305 4 || 4167.047 2 || 4293-443 4 4400.194 
4045-949 4 | 4167.683 4 || 4294.948 4 | 4474100 | 3 
4049.570 2 4170.219 2 | 4296.090 4 | 4480.617 | 3 
4051.561 6 4175.604 I 4297.870 10 4498.316 | 4 
4052.354 3 4182.623 2 4307-746 6 | 4510.265 | 3 
4054.212 4. g182.812 2 | 4314-471 3 || 4511.364 | 2 
4063.023 2 | 4182.998 I || 4316.801 2 4517.063 3 
4063.147 3 4189.631 2 || 4318.599 4 | 4517.985 3 
4064.263 2 4197.039 3 4320.036 5 || 4521.124 3 
4064.615 3 | 4197-745 4 4325.213 4 || 4547-467 3 
4067.771 3 | 4199.039 4 4326.986 4 4548.031 3 
4068.529 4 4200.062 | 4327.590 3 4550.12" 2 
4071.561 2 || 4206178 | 5 4331.329 3 4552.293 2 
407 3.156 3 || 4207.798 | 2 4336.591 2 4554-697 13 
4076.886 5 || 4212.225 | 10 4337-431 4 | 4560.168 2 
4080.757 I5r | 4214.604 | 4 4342.236 5 | 4584.619 4 
4085.589 3 4214.714 2 4340.045 3 | 4591.285 | 2 
4091.223 3 4217.427 4 4349.867 4 4592.699 | 2 
4097.185 3 || 4220.838 3 4354-296 5 4599.265 | 3 
4097.948 6 4225.256 3 || 4354-969 3 | 


ARC-SPECTRA OF THE ELEMENTS 


PALLADIUM. 
(W.-l. 3000 to 4200.) 
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Intensity — Intensity Intensity w Intensity 

3002.765 6 3373-139 30r 3481.300 40r 3662.520 4n' 
3028.021 gr 3380.832 4 3486.112 2 3690.483 25r 
3065.408 gr 3389.195 3 3489.915 20r 3719.046 
3114.152 20r 3404.725 100r 3517.096 Sor 3799.335 Ior 

3142.927 5 3406.196 3 3528.878 3 3894.334 | 25 
3219.097 5 3419.805 5 3553-236 451° 3958.772 25 
3242.828 6or 3421.367 Sor 3566.781 3 4087.513 IOs 
3251.760 20r 3433-578 30r 3571.302 20r 4170.006 o 
3258.900 25r 3441.539 25r 3596.804 3 4213.115 15 
3287.377 7 3442.548 3 3609.696 651 || 4473-761 10s 
3.302.256 30r 3460.884 35r | 3634.84! 6sr 


*Not certainly due to Palladium. 
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NOTE ON THE RESULTS OF MESSRS. JEWELL, HUMPH- 
REYS AND MOHLER. 


THE very important investigations by Messrs. Jewell, Humphreys 
and Mohler promise to lead to most valuable results, but I should like 
to point out that on one point further experimental investigation is 
desirable, before a complete application of the discovered facts can be 
made. The question which forces itself upon me is this: 

Is the displacement of the lines due to pressure only, 7. ¢., to molec- 
ular impact, or is it due to the proximity of molecules vibrating in 
equal periods? ‘The latter seems the more probable explanation—but 
if it is the true one it would follow that the displacement would not 
take place—or not to the same extent if the pressure is produced by 
molecules of a different kind to those under examination. It seems 
important to ascertain for this reason whether the shifting, say of the 
cadmium lines, is the same whether pure cadmium is introduced into 
the arc or whether an alloy is taken containing a small quantity of 
cadmium only. 

I am induced to make this suggestion as I am reminded of some 
former observations which I have described in a lecture at the Royal 
Institution of Great Britain in 1881, and from which I drew the follow- 
ing conclusion : 

“Placing a molecule in an atmosphere of a different nature—with- 
out change of temperature—produces the same effect as would be 
observed in lowering the temperature.” 

Something similar seems to take place as regards pressure, for the 
sodium lines may be obtained wide or narrow according as the atmos- 
phere producing the pressure consists of sodium molecules only, or of 
molecules of a different nature. It is to be hoped therefore that 
Messrs. Humphreys and Mohler will complete their investigations as 
regards this important point, because the applications of the fact dis- 
covered by Mr. Jewell would in some conceivable cases materially 
depend on the answer to the question which I have raised. 

ARTHUR SCHUSTER. 
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NOTE ON THE USE OF CYLINDER OILS FOR REFLECT- 
ING SURFACES. 


OwinG to the increased vibrations incident to city traffic in the 
shape of electric and cable car lines, mercury had to be given up as a 
reflecting surface for sextant and other work at the Johns Hopkins 
University. Molasses, which was substituted, while giving a good sur- 
face at first, soon became “cooked” in the Sun’s rays and was useless. 
Hoping to find a better substitute, samples of oils were secured through 
the courtesy of the Johns Hopkins Oil Co. The first experiments 
were made with the temperature of the air varying from 70° to 45° 
(F.) and were continued as the weather grew colder, to 10°. 

The oils used were : 

Black cylinder, 40° cold test—too heavy ; distorted image. 

Black oil, 15° cold test—too heavy ; distorted image. 


Light filtered cylinder stock, 40° cold test—too transparent; gave 
halos. 


Medium dark cylinder stock, 40° cold test, 26 density. This oil 
gave aremarkably bright surface, free from all vibration. The reflected 
image was so sharp that the details of some Sun-spots could be made 
out equally as well as in the direct image. Below 45° a film of irregu- 
larly shaped plates formed on the surface and destroyed its reflecting 
power. An oil known as locomotive cylinder oil, 0° cold test, was’ 
then substituted and gave equally good results down to the lowest tem- 
perature tried. At higher temperatures this oil became very fluid, but 
continued to give a remarkably bright reflected image without vibra- 
tion. 

Cottonseed and lard oils mixed with lampblack gave good results 
at medium temperatures, but it was difficult to keep the lampblack in 
suspension. I am informed that locomotive oils similar to the o° test 
one experimented on can be furnished with almost any degree of cold 
test, which would make it possible to use it in any climate. A wind 
screen is necessary, as the oil surface is more readily affected than mer- 
cury by air currents. 

The advantages of oil over mercury are that it is freer from vibra- 
tion, cheaper, lighter to carry and easier to obtain in out-of-the-way 
places, as any locomotive engineer can supply oil suitable for the tem- 
perature of the neighborhood. SAMUEL V. HoFFMAN. 


Jouns Hopkins UNIVERSITY, 
February 26, 1896. 


294 MINOR CONTRIBUTIONS AND NOTES 


RONTGEN’S X RAYS. 


Up to the beginning of this present year there were known only 
two radiations which were produced by a Crookes tube through which 
a discharge was passing: light vibrations and kathode rays. In Janu- 
ary of this year Professor Réntgen, of the University of Wiirzburg, 
announced the fact that he had discovered a radiation which seemed 
to have no connection with the two others previously known. 

The history of this discovery is well known to everyone, and so 
are the many applications of the method to surgery and other branches 
of science. It may be useful, however, to give a summary of the prop- 
erties of the X rays, and to compare them with those of light and 
kathode rays. 

It may first be stated that all three radiations have certain points in 
common ; they pass out of the Crookes tube if it is thin enough; they 
move in straight lines, if uninfluenced; they produce fluorescence in 
certain bodies, which are not the same, however, for all three; they 
pass through various objects, although the relative transparency of 
various objects differs for them all; they all influence photographic 
plates. 

Light vibrations have certain individual properties: they can be 
reflected, refracted, diffracted, and polarized; they can therefore be 
focused, and can also produce interference. Neither kathode rays nor 
X rays have, so far as now known, any of these properties. 

Kathode rays are radiations which leave the kathode of a Crookes 
tube through which a discharge is passing, and which also seem to 
start from other points in the tube which may be called secondary 
kathodes. ‘Their properties are now well known, owing to the investiga- 
tions of Crookes, Hertz, Lenard and Perrin. Although they can 
emerge from the tube under certain conditions, they cannot pass far 
into the open air, behaving a good deal like light in a turbid medium. 
Further, the direction of their path may be changed by bringing a 
magnet near. This last property is peculiar to kathode rays so far as 
now known. 

X rays seem to be entirely unaffected by magnets, and also to obey 
none of the ordinary laws of light; further, they can pass many feet 
away from the tube, their intensity, however, decreasing as the inverse 
square of thedistance. The exact source of the X rays is not known at 
present. M. Moreau and M. de Heen in France have announced that 
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they proceed from the anode in the Crookes tube. Professor H. A. 
Rowland of Johns Hopkins University thinks that the tube which he 
has so far used emits the rays direct from the anode; but his tube is 
one where the anode and kathode are only 1™ apart, so that the 
experiment is not conclusive. Mr. Elihu Thomson has shown that in 
his tube the rays are certainly emitted by the kathode. Réntgen, 
himself, believed that the rays came from the surface of the glass tube 
which was rendered fluorescent by the kathode rays; and although this 
theory has been supported by many experiments, it seems to be incor- 
rect, as it is absolutely at variance with several well-known experiments. 
One of the most interesting properties of the X rays was discovered 
by Professor J. J. Thomson of Cambridge. It is the fact that any 
dielectric through which these rays are passing becomes a conductor 
for electricity. He has further shown that, in every way, such a medium, 
é. g., air, behaves exactly as if it were an electrolyte, being made so by 
ionization. 

As to the theory of these various radiations from the Crookes 
tube, something definite is known about light vibrations and kathode 
rays, but not about the X rays. Light vibrations are transverse ones 
in the ether. Kathode rays are undoubtedly streams of negatively 
charged portions of ordinary matter. This is almost positively proved 
by the recent work of M. Jean Perrin; and so Hertz’ theory seems to be 
erroneous and that of Crookes and J. J. Thomson correct. For all we 
know now X rays may be either transverse or longitudinal waves in the 
ether, or they may be streams of rapidly moving matter. This last 
hypothesis seems at this moment to be most probable. 

It may be well to note that there are two methods which may be 
used to study the X rays. One is by photography; the other is by 
means of their fluorescent action. A tube is made of opaque cardboard 
with a single aperture at one end, and having the other end closed 
with an opaque diaphragm. On the inner side of this diphragm is 
placed a piece of blotting paper impregnated with barium-platino- 
cyanide in the crystalline state. If this tube is now pointed at a 
Crookes tube emitting X rays, the eye of the observer being at the 
aperture, it will be seen that the platinum salt fluoresces beautifully. 
If obstacles are placed between the tube and the fluorescent diaphragm 
shadows will of course be cast. Another most interesting fact is that 
when phosphorescent zinc sulphide is coated over an opaque metal, it 
makes it transparent to these rays. J. S. A. 
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HARVARD COLLEGE OBSERVATORY, CIRCULAR NO. 6 
NEW VARIABLE STARS. 


AN examination of the Henry Draper Memorial photographs of 
stellar spectra by Mrs. Fleming has led to the discovery of fourteen 
new variable stars of long period, in addition to those previously 
announced. The spectrum of the fifth star in the following list is of 
the fourth type. All of the others have spectra of the third type 
having also the hydrogen lines bright, and it was this peculiarity which 
led to their discovery. The variability has been shown by comparison 
of a large number of photographs, and the variation has been confirmed 
in each case by the writer. The following table gives the constellation, 
the catalogue designation of the star, the approximate right ascension 
and declination for 1g00, the number of plates examined, the photo- 
graphic magnitude, when brightest and faintest as derived from these 
plates, and the epoch and period as obtained from the material now 
available. The epoch is expressed in Julian Days omitting the constant 
2,410,000. It is needless to caution astronomers, that these elements 
cannot safely be used to predict future maxima with accuracy. They 
generally represent the photographic magnitudes during the last eight 
years, with an average deviation of one or two tenths ofa unit. As, 
however, the periods and light curves in many cases change, the true 
law can be determined only from long series of observations. The 
date of the next maximum, as indicated by the formula, is given in 
the final column. 


sf | 3 | Maximum 
Sculptor —39° 16] 3™.6/—39° 47'| 43] 8.9 12.1|165/295 May 25 
Columba A.G.C. 6135) § 15 .6|—33 48 | 24) 7.6) 23 
7 1 9 1 | 40} 10.3) 11 
Virgo +5° 270812 57 43] 51] 88 
Sagittarius —33° 13234|18 21 .4/—33 23 | 48} 8.2) 12.3/267/316\July 2 
Sagittarius —19° 5347/19 8 2 | 9.7] 
19 68 §9 | 48) 9.9] 
19 39 .5|—72 1 | 66) 7.6) 12.1/156/243/Aug. 29 
Microscopium |4.G.C. 28038|20 21 .8|—28 35 | 49] 7.4 8.4). 
Grus —38° 15044|22 19 4] 57| 8.6) 
22 19 .9|—48 57 | 7.2} 12.3) 90)400)May Io 
Aquarius —16° 6379/23 47 .1|—16 25 | 42) 8.2 9.3}. 
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The third of these stars is near the border of Monoceros. 

— 33° 13234 was suspected of variability by Dr. Thome (Annads 
Cordoba Observatory, Vol. XVII, page xiii). 

A. G. C. 28038 is in Sagittarius according to the Uranometria Nova 
and Heis. Epwarp C. PICKERING. 

March 10, 1896. 


The dates and corresponding magnitudes for the variable stars 
given in the above circular are here appended. When the object is 
not a catalogue star the position determined from a photographic 
chart is inserted. 

—Sculptoris. —39° 16. The magnitudes of this star, as derived from 
photographs taken on September 2, September 6, September 6, October 
1, October 8, October 28, October 29, November 27, 1889; September 
8, September 15, 1890; August 9, August 20, August 28, September 
17, September 17, October 2, October 25, 1891; July 12, August 5, Sep- 
tember 26, 1892; July 22, August 19, August 21, August 21, September 
11, September 16, September 27, October 28, November 1, 1893 ; August 
14, August 24, August 25, September 11, October 19, November 10, 
November 12, 1894; July 10, July 19, August 1, August 3, August 14, 
September 11, and September 21, 1895, are <12.1, 11.64?, <11.2, 
<9g.1,<10.7, < 10.8, < 10.3, <9.0; 9.64, 9.50; <9.1, 9.33, <9.3, 11.28, 
<10.7, <8.7, <8.5; 11.23, <9.4, <9.6; <9.3, <9.7, <11.8, < 11.8, 
<9g.0, <9g.0, <11.8, 11.13, <9.3; 11.03, <9.2, <8.5, 9.64, 8.93, 9.26, 
9.26; 10.82, 9.81, 9.23, 9.23, 9-52, 9-64, and <g.1 respectively. 

—Columbae. A. G. C. 6135. The magnitudes of this star, as derived 
from photographs taken on October 8, October 10, October 10, Novem- 
ber 13, 1889; September 24, 1890; November 7, December 2, 1891 ; 
August 12, September 28, 1892; March 8, September 27, November 
18, 1893; September 19, November 5, November 10, November 19, 
November 26, December 13, December 14, 1894; September 7, Sep- 
tember 10, September 19, September 20, and October 5, 1895, are 7.71, 
8.25, 7.71, 8.92; <8.4; 10.66, <8.6; 9.23, 7.59; <8.8, 11.26, 9.43; 
8.58, <8.7, 10.17, 10.61, <8.4, 11.22, 11.08; 9.53, 9.48, 8.92, 8.86) 
and 8.56 respectively. 

—Canis Minoris. R.A. 6" 59" 5° Dec. + 9° 5’.4 (1855). The 
magnitudes of this star, as derived from photographs taken on January 
16, January 21, 1888; November 14, 1889; February 6, 1890; Janu- 
ary 26, February 22, December 10, December 10, 1891; January 20, 
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February 5, February 6, February 12, February 13, February 18, March 
13, 1892; January 19, February 4, February 5, February 15, March 
16, November 1, November 24, December 26, December 27, 1893; 
March 2, March 16, March 24, April 18, October 31, November 6, 
November 25, November 28, 1894; January 22, February 26, March 
30, October 5, October 22, October 24, October 29, and November 12, 
1895, are <9g.2, <9.9; 11.24; <13.0; <10.9, <13.3, 12.13, <11.2; 
< igs, < 13.0, <8%.3, <23-7; < 18.4, 13.55, 
204, < 23.7, < 12.8; <16.3, <1t4, 
<11.8, <13.7, <10.3, <9.9, <10.1, <10.0; <10.7, <10.7, <10.3, 
10.27, 10.42, 10.63, 10.58, and 11.05 respectively. 

—Virginis. + 5° 2708. The magnitudes of this star, as derived 
from photographs taken on April 10, 1886; January 13, February 6, 
April 7, April 16, April 22, April 25, May 12, December 14, December 
22, 1890; January 8, March 1, April 24, May 23, May 25, May 28, 
1891; January 21, February 4, February 9, February 17, March 20, 
April 20, April 25, May 13, May 13, May 27, 1892; January 25, April 
19, May 9, May 17, May 31, May 31, June 12. June 14, June 29, June 
29, 1893; January 19, February 26, May 3, May 14, May 21, May 22, 
1894; May 9, May 10, May 10, May 11, May 22, June 6, July 3, July 3, 
and July 9, 1895, are 9.15; 9.00, 9.10, 9.05, 9-33, 9-335 9-55; 9-50, 9-20, 
9-39; 9-20, 9.05, 9.40, 9.10, 9.27, 9.333 9-20, 9.20, 9.65, 9.20, 8.95, 
g.10, 8.95, 8.90, 8.80, 9.00; 9.05, 8.80, 9.70, 9.20, 8.80, 9.08, 9.20, 9.00, 
9-27, 9-05; 9.42, 9.10, 9.00, 9.50, 9.23, 9-35; 9-45, 9-20, 9.36, 9.20, 
9-30, 9.24, 9.00, 8.80, and 8.go respectively. 

—Apodis. R.A. 14" 56" 54° Dec.— 71° 34.’4 (1875). The mag- 
nitudes of this star, as derived from photographs taken on May 31, 
July 7, July 8, July 9, July 9, July 12, July 12, 1889; June 12, August 
2, 1890; June 16, June 16, June 1g, June 19, June 27, June 27, 1891; 
July 24, 1892; May 1, May 1, May 2, May 2, May 2, May 4, May 4, 
June 23, July 26, 1893; April 18, April 21, May 3, May 14, May 14, 
May 17, May 17, May 17, June 20, July 7, July 13, August 1, August 9, 
August 13, August 13, August 14, 1894; February 22, March 5, April 
3, April 6, April 8, May 6, May 6, May 7, May 9, June 1, July 8, July 
16, July 17, August 2, August 10, August 12, and September 11, 1895, 
are 9.54, 9-49, 9-69, 9-49, 9-64, 9-59, 9-59; 10.82, <1I.43 9-44, 9-59, 
9.69, 9.54, <9-4, 9-38; <9.3; 9.90, 10.00, 9.79, 9-85, 9-85, 9.85, 9-64, 
9.38, 9-23; 8.99, 8.99, 9.09, 9.28, 9.28, 9.09, 8.96, 8.94, 9.23, 9.18, 
8.94, <8.6, 9.64, 9.09, 8.99, 9.09; <9.0, <9.9, <8.7, 9.90, 9.59, 9-74, 
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9-59, 9-69, 9-59, 9-49, 9-38, 9.05, 8.79, 9-38, 9.05, 9.09, and 9.43 
respectively. 

—Sagittarii. —33° 13234. The magnitudes of this star, as derived 
from photographs taken on June 13, June 26, July 2, July 8, July 24, 
August 6, August 8, August 8, September 4, October 10, 1889; May 
11, May 13, May 22, 1890; May 29, May 29, May 30, May 30, August 
5, August 7, September 17, 1891; June 6, July 30, 1892; June 5, June 
9, June 14, June 15, June 15, June 24, July 5, July 21, July 22, August 
3, 1893; July 7, August 7, August 16, 1894; March 6, June 3, June 4, 
June 18, June 26, June 29, July 9, July 9, August 15, September 5, 
September 5, September 6, and September 14, 1895, are <9g.8, <8.7, 
<8.5, 8.72, 8.33, 8.23, 8.43, 8.63, 9.24, <10.2; <8.9, <8.8, 9.18; 
8.93, 8.78, 8.83, 8.93, <9.6, <8.7, <10.6; <9g.2, <9.2; <9.7, <9.9, 
<10.1, 12.12, 12.12, 12.08, <10.6, <12.0, 12.26, <9.4; <9.6, 10.90, 
10.46; <10.6, 11.40, 11.34, <10.5, <9g.8, 9.68, 10.02, 10.12, 8.80, 
8.53, 8.57, 8.88, and 8.98 respectively. 

—Sagittarii. —19° 5347. The magnitudes of this star, as derived 
from photographs taken on September 5, November 7, November 11, 
November 11, 1888 ; June 29, August 16, September 7, 1889; October 
30, 1890; June 1, June 1, June 9g, July 15, September 7, September 18, 
1891; May 25, June 1, August 18, 1892; April 30, April 30, June 7, 
July 17, July 31, July 31, 1893; June 27, September 25, November 13, 
November 13, 1894; June 3, June 4, June 14, June 14,.June 18, July 2, 
July 10, July ro, July 12, July 15, July 21, July 23, July 27, July 30, 
August 14, August 16, September 7, September 13, September 16, and 
September 20, 1895, are <8.7, 9.77, 9-67, 9-77; <9Q-I, 10.58, 10.87 ; 
10.85; 9.81, 9.77, <10.5, <10.0, <9.9, <10.0; <10.1, <9.4, 10.48; 
11.12, 10.86, 9.82, <10.1, 10.11, 10.26; I0.11, 10.02, 11.06, 10.68; 
10.68, 10.66, 10.65, 10.40, 10.32, 9.82, 9.91, 9.85, 9.81, 10.68, 10.06, 
10.01, 9.82, 10.01, 10.21, 10.01, 10.21, 10.11, 9.92, and 10.26 respec- 
tively. 

—Sagittarii. R.A. 19" 6" 4° Dec. —19° 3'.2(1855). The magnitudes 
of this star, as derived from photographs taken on September 5, Nov- 
ember 7, November 11, November 11, 1888; June 29, August 16, Septem- 
ber 7, 1889 ; October 30, 1890; June 1, June 1, June 9g, July 15,September 
7, September 18, 1891; May 25, May 27, June 1, August 18, 1892; 
April 30, April 30, June 7, July 17, July 22, July 22, July 31, 1893; 
June 27, September 25, November 13, November 13, 1894; June 3, 
June 4, June 14, June 14, June 18, July 2, July ro, July ro, July ra, 
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July 21, July 23, July 27, July 30, August 14, August 16, September 7, 
September 13, September 16, and September 20, 1895, are <8.7, 
<11.5, <9.9, <9-9; <9Q.I, 12.30, <13.2; <11.0; <10.6, <12.0, 
<10.5, 10.02, <9.9, <10.0; <10.1, <10.2, <9.4, 13.29; 12.20, 
<13.3, <10.2, < 10.1, <12.4, <12.4, <11.4; <10.1, 9.92, 11.46, 
IL.O1; 12.02, 11.90, 11.72, <10.5, 11.4, <10.0, 10.01, 10.81, 10.85, 
<10.8, 10.68, 10.02, 10.52, 9.96, 10.16, 9.96, 10.18, <10.0, and 10.68 
respectively. 

—Pavonis. R.A. 19" 36" 40°, Dec. —72° 4’.2 (1875). The magni- 
tudes of this star, as derived from photographs taken on June 7, June 
13, June 13, July 8, July 13, August 2, August 12, August 30, 1889; 
May 28, May 29, 1890; June 11, June 11, June 11, June 13, June 13, 
June 13, August 24, August 25, August 27, August 29, September 19, 
1891; June 24, July 3, 1892; May 2, May 2, May 2, May 2, May 3, 
June 23, August 26, August 26, October 24, 1893; July 14, July 16, 
July 16, July 16, July 21, July 23, July 31, July 31, August 1, August 
10, August 13, August 14, August 22, September 4, September ro, 
September 12, November 12, 1894; April 9, April 9, April 10, May 9, 
May 9, May 9, May 31, June 3, June 15, June 15, July 2, July 2, July 
31, August 1, August 3, September 7, and September 15, 1895, are 
<g.0, 9.12, 9.12, 9.70, 9.96, 10.34, 10.61, <8.1; 12.06, <9g.0; 8.38, 
8.32, 8.32, 8.96, 9.06, 8.92, <9.7, <10.0, 9.91, <9.9, <10.3; <10.0, 
<10.4; 7-98, 7.73, 7-73, 7-89, 7-58, 10.34, I1.01, <10.5, <10.9; 
11.70, <10.6, 11.62, <10.7, 11.18, <9.7, <9.3, <9.3, <9.3, <II.4, 
10.14, 10.06, 9.43, 10.24, 9.12, 10.38, 10.11; 9.50, 9.60, 9.41, 8.23 
8.27, 8.02, 8.62, 8.68, 9.33, 9-43, 9-84, 9.73, 10.46, 10.84, <10.4, 11.76, 
and <9.9 respectively. 

—Microscopii. A.G.C. 28038. The magnitudes of this star, as 
derived from photographs taken on July 17, 1888; June ro, July 1, 
July 2, July 8, August 2, August 5, August 22, September 9, September 
20, October 7, 1889; May 14, May 24, June 7, 1890; May 30, May 30, 
July 16, 1891 ; June 11, June 13, September 23, 1892; April 30, April 
30, July 14, July 17, July 19, July 21, July 21, July 21, August 4, 1893; 
April 19, April 30, August 11, August 21, October 1, November 12, 
1894; April 25, May ro, June 1, June 4, June 6, June 6, June 14, June 
27, July 2, August 20, September 6, September 6, September 20, and 
October 14, 1895, are 7.94; 7.90, <7.9, <8.0, 7.74, 7-80, 7.94, 7.70, 
<8.2, 7.54, 7-74; 7-94, 8.00, <8.4; 7.94, 8.15, 7-94; 8.00, 8.00, 
8.02; 7.92, 7.80, 7.90, 7.90, 8.00, 8.00, 7.67, 7.94, 7-80; 8.18, 8.10, 
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7.61, 7.80, 8.15, 8.15; 8.31, 8.36, 8.38, 7.94, 7-94, 7-70, 7-84, 7-82, 
7.43, 7-90, 8.04, 8.15, 7-94, and 8.15 respectively. 

—Pavonis. R.A. 20° 45" 4°, Dec. —63° 10’.7 (1875). The mag- 
nitudes of this star, as derived from photographs taken on June 17, 
July 13, August 16, 1889; September 8, 1890; June ro, June 10, June 
10, June 11, June 11, August 19, 1891; June 23, June 23, August 17, 
September 8, September 8, September 8, September 26, 1892; August 
5, August 26, August 26, October 24, October 24, 1893; July 2, July 
6, July 9, July 10, July ro, July 14, July 16, August 1, August 10, 
August 23, September 4, September 15, September 22, 1894; May 9, 
May 9, May 31, June 3, June 15, July ro, July 31, and August 1, 1895, 
are <12.0, <10.9, 11.78; <9.3}; 10-14, 9.97, 10.31, 10.12, 10.31, 
<8.9; <8.9, <8.4, <9.8, <12.2, <10.4; 
<10.5, 11.98, 9.62, 9.77; <9.4, <8.9, <9.8, <10.4, <10.3, <12.3, 
<11.2, <9g.0, 10.62, 9.58, <9g.8, 10.02, <9g.1; 11.99, 11.84, <9.1, <9.8, 
9.60, 9.82, 9.92, and 10.02 respectively. 

—Gruis. — 38° 15044. The magnitudes of this star, as derived from 
photographs taken on July 17, July 19, July 22, August 5, August 18, 
August 19, August 21, September 11, September 30, October 8, 1889 ; 
June 12, July 22, September 9, September 15, September 19, October 
1, October 2, October 3, 1890; June 14, June 14, July 2, July 18, 
August 1, August 1, August 6, August 7, August 18, September 6, Sep- 
tember 29, October 2, 1891; June 25, July 30, August 23, September 
16, 1892; July 12, July 17, July 24, July 27, July 27, July 27, Septem- 
ber 15, September 27, September 27, 1893; May 22, May 23, July 14, 
August 7, August 11, September 27, September 29, 1894; June 7, June 
8, June 29, July 3, August 1, October 5, and October 12, 1895, are 
8.76, 8.80, 8.76, 8.95, <8.7, <8.5, 9.28, 10.46, <10.0, <10.2; 10.39, 
<8.4, 8.76, <8.7, 9.13, <8.5, <8.7, <8.6; 8.86, 8.70, <8.7, <9.1, 
11.04, 10.73, <9.0, <8.4, <10.8, <9g.0, 8.86, 8.96; <8.8, 8.68, 9.44, 
<8.6; <9.0, 9.03, 9.65, 8.95, 8.95, 9.13, 8-70, 9-47,9-40; 8.56, 8.80, 
10.66, <8.8, 11.00, 8.86, 8.76; 9.37, 9-40, 8.66, 8.68, 8.95, 11.04, and 
<8.g respectively. 

—Gruis. R.A. 22" 18" 22°, Dec.—49° 4'.4 (1875). The magni- 
tudes of this star, as derived from photographs taken on July 5, July 8, 
July 13, July 18, July 22, August 3, August 3, August 20, September 
11, September 28, September 30, October 10, 1889; May 29, June 10, 
July 21, July 21, September 12, 1890; June 13, June 13, July 9, August 
9, August 10, 1891 ; August 4, 1892; July 12, July 12, July 27, September 
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16, September 27, September 27, 1893; May 21, May 22, July 14, July 16, 
July 30, August 11, September 26, November 5, 1894; May 9, July 3, 
July 16, July 31, August 1, August 1, August 13, August 20, August 
20, October 24, and November 11, 1895, are <11.9, <11.1, <11.4, 
11.58, <10.9, 8.73 ?, <8.4, 11.06, 10.66, <10.1, 10.03, 8.71; <8.5, 
<6.3, <&.3, < 10.7, <t3.5, <8.4, <88; 
<9.8, <9.4, 10.70, <9.8, 12.26, <12.0; 8.62, 8.42, 9.95, 9.80, <9.0. 
10.29, <9.3, <9.8; 7.17, 8.47, 9.03, 8.94, 9.15, 9-70, 9.70, <g9.8,< 8.9, 
10.86, and <g.5 respectively. 

—Aquarii. —16° 6379. The magnitudes of this star, as derived 
from photographs taken on January 21, October 31, November 13, 
1888 ; September 6, September 7, December 7, December 7, December 
9, December 16, December 28, 1889; July 9, July 11, September 8, 
September 24, October 12, 1890; August 1, August 13, August 13, 
August 27, 1891; July 29, September 26, 1892 ; June 28, June 28, August 
7, August 19, September 20, October 3, October 13, October 13, October 
17, 1893; September 27, November 13, November 16, November 16, 
December 13, December 20, 1894; January 2, July 3, July 27, August 
3, September 13, and October 18, 1895, are 8.54, 8.67, 9.24; 9.10, 9.10, 
9-04, 9.24, 9.20, 9.30, 9.30; 8.34, 8.44, 9.14, 9-10, 9.30; 8.60, 8.54, 
8.42, 8.34; 8.94, 8.44; 8.40, 8.52, 8.80, 8.70, 9.04, <8.3, 8.94, 8.70, 
8.64; 8.80, 9.00, 9.14, 9.14, 8.37, 8.44; 8.64, 8.60, 9.04, 9.04, 8.15, and 
8.64 respectively. 


| 
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On the Newtonian Constant of Gravitation. C. V. Boys. Phil. 
Trans. 186, A., 1-72 (1895). 


Since the discovery and enunciation of the law of gravitation a lit- 
tle more than two centuries ago, the problem of accurately determin- 
ing G, the Newtonian constant of gravitation has been one which has 
occupied the attention of many of our most eminent physicists and 
astronomers. In this memoir Professor Boys has described in full his 
own work on the measurement of this important physical constant, 
which extended over a period of nearly six years, and which we may 
safely say has for the first time given us a value whose accuracy is com- 
parable with the results attained in our other physical measurements. 

The paper is divided into three parts. Part I. opens with a general 
discussion of the method, followed by a minute and carefully written 
description of the apparatus. This, we may remark in passing, is a 
plan which could be followed with advantage by many of our English 
and Aimerican writers who as a class are careless or indifferent in this 
matter. In this day of rapid progress in physical measurement every 
one must expect his work to be sooner or later surpassed in accuracy 
by the determinations of others, and the more completely and carefully 
his own methods of work and his experiments, be they failures or suc- 
cesses, are described, the greater will be the benefit which he will ulti- 
mately render to science by enabling those who follow to avoid the 
difficulties which he has encountered. The method of experimentation 
was that originally devised by Mitchell, but which having been first 
carried out by Cavendish is generally known by his name. This 
method, which is too well known to need description, has also been 
used by Reich, Baily, Cornu and Baille as well as by Professor Boys. 
The latter’s apparatus however differs radically from that of all of his 
predecessors in one important particular, that of size, being only about 
jy as large as the original apparatus of Cavendish and about 3'5 the 
size employed by Cornu. In an earlier paper (Proc. R. Soc., 
46, 253, June 1889), Professor Boys had discussed the theory of the 
apparatus and had shown that under proper conditions this decrease 
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in size would greatly increase both the accuracy and sensitiveness of 
the instrument. The argument is briefly this: For a given time of 
swing the sensibility is independent of the linear dimensions of the 
apparatus. But if under this condition, that of constant period, the 
size of the attracting and attracted masses and their relative positions 
with respect to each other remain constant, while the length of the 
beam carrying the latter (and hence the other linear dimensions of the 
apparatus) is decreased, the sensibility will be augmented in an inverse 
ratio. The practical limit to reduction in size is determined by two 
considerations, the first and most important of which is the difficulty of 
finding a torsion thread fine enough to give the required period and at 
the sametime strong enough to carry the suspended system. Previous 
to Professor Boys’ beautiful invention of the quartz fiber this difficulty 
had prevented the use of a beam less than about %™ in length; with 
these fibers it was found practicable to reduce the length of the beam 
to less than 2™ while retaining a period of five minutes or more. The 
second difficulty consequent upon a reduction in the length of the 
beam is the increased equality of the effect of each attracting mass on 
the two attracted masses at the opposite ends of the beam. This diffi- 
culty is ingeniously avoided by Professor Boys by placing the attracting 
masses on the two sides at different levels. In addition to increased 
sensitiveness the smaller instrument allows several other important 
advantages to be attained, among which may be mentioned the follow- 
ing: (1) Asymmetrical arrangement of parts about the axis of rotation, 
eliminating at once the troublesome corrections for the gravitational 
attraction of the case, etc. (2) More perfect protection against tem- 
perature changes by the use of a system of concentric screens. (3) 
More rapid equalization of the small temperature changes which do 
occur and a consequent diminution of the effect of convection currents 
which are “the last and the most difficult to avoid, and set the limit to 
the accuracy which is obtairable in this experiment ;”’ and last but not 
least, the more convenient manipulation of the instrument. 

In an instrument for absolute measurement, however, the reduction 
in size cannot be carried beyond a certain limit without diminishing 
the accuracy of the necessary measurements of the geometrical dimen- 
sions, and it was therefore deemed best to adopt for the final experi- 
ments a size somewhat larger than that with which the preliminary 
experiments were made. The principal dimensions finally adopted 
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(1) Horizontal distance between centers of attracting masses, 6 
inches or 4 inches. 

(2) Horizontal distance between pair of attracted masses, 0.9 
inch. 

(3) Vertical distance between centers of masses on the two sides, 
6 inches. 

(4) Diameters of large attracting masses (spheres), 4% inches or 
2% inches. 

(5) Diameters of small attracted masses (spheres), 0.2 inch or 
0.25 inch. 

The degree of accuracy aimed at in the determination was 1 part 
in 10,000. ‘This involves a determination of the principal geometrical 
dimensions of the apparatus to 1 part in 10,000 and of the times to 
I part in 20,000. Of the geometrical dimensions the quantities (1) 
and (2) are two of the most important. In order to readily measure 
them with the required degree of accuracy a very ingenious and orig- 
inal plan of suspension was adopted. Each of the masses was hung 
from a fine fiber (phosphor bronze, in case of the large masses, quartz 
in case of the small). The distance between the centers of the fibers 
was then necessarily the distance between the centers of gravity of the 
suspended masses, and the instrument was so arranged that these 
distances could be accurately measured by a specially designed com- 
parator, or optical compass, when the whole system was in position. 
This last instrument deserves special mention on account of its 
admirable geometrical design and its usefulness for other purposes. 

The large masses were spherical balls of lead formed in cast iron 
moulds, by a process which at the same time secured truth of form and 
homogeneity of structure. It would seem that this result might be 
more easily and satisfactorily accomplished by the use of hollow 
globes filled with mercury, such as M. Cornu has employed. If 
the magnetic effect of an iron globe should prove objectionable, the 
globe might be made of glass or perhaps preferably of pure copper, 
deposited on a spherical mould by the Elmore process. The small 
attracted masses were gold spheres formed in steel moulds in a 
similar manner to that employed for the larger masses. These gold 
balls were suspended by quartz fibers from the ends of a beam mir- 
ror which was constructed by Professor Boys himself, and which 
is therefore, it is scarcely necessary to say, a model of the most exact 
and beautiful design and workmanship. It is so constructed that the 
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mirror serves at the same time as a support by which the gold balls 
are kept in a definite position, and as a mirror by which their deflec- 
tions can be accurately read. The mirror itself, instead of being left 
circular, was cut down to the form of abar 44 in. wide and about o.9 in. 
long, by which means its moment of inertia was reduced nearly 24 while 
the horizontal definition was actually improved. This same plan could 
be adopted with advantage in galvanometers, magnetometers, etc. The 
horizontal definition was sufficiently good to enable readings to be 
made on the scale to o”.7 or about 1% the theoretical resolving power of 
the mirror. ‘lhe explanation of this apparent discrepancy from 
theory is ascribed by Professor Boys to the effect of diffraction, which in 
the case of the scale which was used (one having black lines on a lumi- 
nous ground), has the effect of making the images of the lines narrower 
than would be the case with the reverse arrangement, that of luminous 
lines on a black ground. While this no doubt conduces to greater 
accuracy of reading, it is not the full explanation of the point in ques- 
tion, which is to be found in the fact that the accuracy with which the 
position of any line may be determined depends on the width of the 
image in comparison with the cross-wire of the observing eyepiece. 
When the image is sufficiently broad and at the same time sufficiently 
bright, the accuracy of locating the position may be even 100 times as 
great as the theoretical resolving power of the instrument. This is also 
the explanation of the fact, also noted by Professor Boys, that better 
results are secured by making the lines themselves rather broader than 
would at first sight seem desirable. 

The gold balls were hung from hooks on the beam mirror and so 
arranged that they could be readily attached or removed, after the 
manner of a rider on a balance beam, so that the moment of inertia 
of the beam itself and the torsional rigidity of the fiber could be readily 
determined by taking the periods with and without the suspended 
balls. In order that the fiber might be under the same conditions in 
the two cases a small silver cylinder of exactly the same weight as the 
two balls and their suspensions, and of known moment of inertia, was 
hung on the lower end of the fiber when the balls were removed. The 
necessity of this precaution is evidenced by the fact that a change of 
2.6 grams in the mass of the suspended system changed the torsional rig- 
idity of the fiber nearly 5 per cent. This change is much larger than 
could be accounted for by the elongation of the fiber alone, and is worthy 
of further study in connection with the theory of elasticity. In the sus- 
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pension of both the gold balls and the counterweight the greatest care 
was taken to avoid a change in the position of the axis of rotation. 
The effect of such a small change as well as the small displacements of 
the gold balls due, to their rotational mobility, to the attraction of the 
large masses, and to the centrifugal force developed by the rotation of 
the system is fully discussed and taken account of in the reduction 
wherever necessary. It is hardly necessary to add that the same care in 
design and careful attention to detail characterizes every other part of 
the apparatus. 

Part II. deals with the method and order of making the various 
measurements involved in the absolute determination of G. The 
number of separate operations or measurements is fourteen, but these 
may for the purpose of review be more conveniently divided into three 
groups, comprising respectively, (1) measurements of mass, (2) measure- 
ments of length, (3) measurements of time. 

The measurements of mass having been made as usual with a bal- 
ance, in terms of the units of the Standards Office, are of course well 
within the limits of accuracy imposed. The only uncertainty in this 
connection is as to the uniformity of the attracting masses in density, 
but the error due to this cause must have been exceedingly small. It 
could have been eliminated if present by setting each of the attracting 
masses in rotation about its axis of suspension during the observations 
of deflection. 

The measurements of length include (a), the measurements of the 
geometrical dimensions of the apparatus, and (4) the measurements of 
deflection. The measurements of the geometrical dimensions, of 
which the principal ones were noted above, were all (with the possible 
exception of the distances between the centers of the gold balls and 
some of the dimensions of the beam mirror), within the limit of accuracy 
imposed, 7. ¢., I part in 10,000. They were determined in terms of a 
glass scale made by Zeissand carefully calibrated on a standard Whitworth 
measuring machine. In connection with these measurements a rather 
curious omission on the part of the author may be noticed. Nowhere 
have I been able to find any mention of a correction to the measured 
lengths for a change in temperature. A change of 10° would cause a 
change of about 1 part in 10,000 in the distance between the gold balls, 
and 1 part in 5000 in the distance between the lead balls. Generally 
three days were allowed to elapse between making the linear measure- 
ments and taking the deflections and periods, and during this interval 
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it seems possible that a change of this amount might have occurred. 
Undoubtedly it has been taken account of in the reductions wherever 
necessary. 

The measurements of deflection (which were made by the ordinary 
scale and telescope method), are less accurate ; indeed of all the meas- 
urements involved in the determination these are perhaps the most 
uncertain. ‘The errors arise chiefly from actual or apparent changes in 
the point of rest caused: (1) By errors in reading elongations. (2) 
Air currents in the instrument. (3) Vibrations due to external disturb- 
ances. ‘The elongations were read as a rule to ,}5 div. so that the error 
due to this cause was as a rule not more than 4\y div. for each determina- 
tion, and not more than ,, div. in a mean of five or six readings. 
Variations due to the second two causes were more serious, amounting 
sometimes to as much as } of a division in individual determinations, 
and to about +4 of a division in a set of five. The double deflection 
in most of the experiments was about 370 div.; the error in the deter- 
mination of this quantity varied therefore from 1 part in 4000 to 1 part 
in 8000. 

Time Measurements.—The observations of period from which the 
moment of inertia of the moving system and the torsional rigidity of 
the fiber were deduced were taken by the chronographic method, the 
time record being furnished by a standard astronomical clock by Frods- 
ham. The same causes of error which render the observations of 
deflection inaccurate affect these observations also, and to about the 
same degree. The average error in the determination of the period 
would appear to be about o**.o1, or 1 part in 10,000. Since the squares 
of the period enter in the calculation of G, the effect of this error on 
the final result is about 1 part in 5000. 

The units of measurement employed throughout were the inch as the 
standard of length, the gram as the standard of mass, and the second 
as the standard of time. The use of this mixed system was rendered 
expedient by the fact that the lengths used were more easily verified 
in terms of the inch than in terms of the cm., a reason which is cer- 
tainly not greatly to the credit of the English Standards Office, on 
whose recommendation it was adopted. In scientific work at least, it 
now ought to be possible to adhere to the system which has been 
universally recognized as international. 

Part III. deals with the reduction of the observations and a discus- 
sion of the final results. In the reductions one point is especially 
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worth noting, and that is that they were not carried out until long 
after the experiment had been performed, so that during the progress 
of the experiment itself there was no possibility of a personal bias 
arising from a knowledge of what the result of a measurement ought 
to have been beforehand. In all nine complete determinations 
were made, the conditions of experiment being varied in some way 
between each set. Three different pairs of small masses and three 
different fibers were made use of. The same pair of attracting masses 
was used throughout, but they were interchanged in position in almost 
every possible way, and the distance between their centers was also 
changed. The final results of the values of G were as follows: 


No. of experiment Value of G No. of experiment Value of G 


An examination of these results shows that they vary from 6.653 
to 6.671, or at the most by about 1 part in 300. In order to determine 
the most reliable values, the conditions under which the observations 
of period and deflection (which as already pointed out are most in 
error), were made, are reviewed. The first three numbers (Nos. 3, 4, 5) 
are all unsatisfactory ; No. 3, because the arrangement for setting the 
system in vibration was bac, No. 4, because the observations for 
period were lost (they were taken to be the same as in No. 5), and No. 
5, because of external disturbances. The fourth (No. 6), is considered 
good, as well as the fifth and sixth (Nos. 7 and 8), particularly the 
latter. In the seventh (No. g), gold cylinders were substituted for the 
gold balls, and the increased weight of the former altered the torsional 
rigidity of the fiber by 5 percent. This determination is therefore 
also unsatisfactory. In the eighth (No. 10), the conditions were very 
favorable, but in the last (No. 12), (No. 11 was a purely compara- 
tive experiment on the relative decrement of the system swinging in 
air and hydrogen), the conditions for taking periods were again very 
unfavorable. 

Professor Boys concludes that experiments Nos. 7, 8, 9 and 10, of 
which 8 and to should have the greater weight, are the ones most likely 
to give a true value, but no reason is given why experiment No. 6 should 
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not also be considered as equally good. ‘The value decided upon is 
G = 6.6576 X 10°, and it is considered that the error cannot be greater 
than one or two units in the fourth place. I do not quite understand 
how this value is obtained. If we give all of the determinations equal 
weight we obtain as a result 
G = 6.6630. 

If we give to experiments Nos. 8 and 10 a weight 4, to experiments 
6, 7, and 9g a weight 2, and to all the others a weight 1 (which would 
seem a fair assignment of weights considering that all of the measure- 
ments except those of deflection and period were regarded as equally 
good in all), we obtain for G, 

G = 6.6605 + 0.0014. 
To obtain the lower value given by Boys we would either have to give 
experiments 7, 8, 9 and 10 very much higher weights (nearly twice as 
great as those assigned), or reject the first and the last observations ° 
entirely. Neither proceeding seems reasonable. Hence the value of 
G is uncertain to at least two places in the fourth place or to about 1 
part in 3000. But this, it must be remembered, is fully ten times better 
than any preceding determination, and when we consider the difficulties 
under which the experiments were carried on, we must feel the highest 
admiration for the ingenuity, the manipulative skill, and the energy 
and perseverance of the man who has brought them to such a success- 
ful conclusion. 

The paper closes with a brief discussion of the conditions necessary 
to secure a still higher degree of accuracy, say 1 part in 10,000, which 
the author still considers it possible to obtain with his apparatus. 

The greatest error in the work arose, as has already been stated, 
from the errors in the observation of period and deflection, which are 
caused by air currents and external disturbances. These errors would 
be reduced in magnitude both by diminishing the disturbing causes ;— 
to do this it would be necessary to place the apparatus in a room which 
is far away from all sources of disturbance, and which can be kept at 
a nearly constant temperature ; and by decreasing the effect of the 
resistance of the air, thus enabling a larger number of swings to be 
observed. This last result may be accomplished either by increasing 
the moment of inertia of the suspended system, by swinging it in an 
atmosphere of hydrogen, or better still, in a vacuum. Professor Boys 
considers the last plan impracticable, but it seems to me that the 
vacuum might be maintained by making the outer case of the instru- 
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ment as tight as possible and partially exhausting it also, thus reducing 
the difference in pressure on the two sides of the inner tube. There 
would also seem to be certain advantages in recording both the deflec- 
tions and the periods photographically, and thus eliminating the per- 


sonal errors in reading the elongations and transits. 
F. L. O. W. 


PROPOSED METHODS OF APPLYING THE OBJECT-GLASS 
PRISM TO THE MEASUREMENT OF STELLAR 
MOTIONS. 

Méthode pour étudier les variations de vitesse radiale des astres avec 
de faibles instruments. UW, DESLANDRES. A.N. 3328, 139, 241 
—244,1896. A Method of Investigating the Velocity of Stars in 
the Line of Sight with Small Instruments. HW. DESLANDREs. 
Observatory, 19, 49-52, 1896. 

The Objective Prism and the Motions of Stars in the Line of Sight. 
EK. W. Maunper. Observatory, 19, 84-86, 1896. 


PROFESSOR ORBINSKY’S paper* on the application of the object-glass 
prism to the determination of the motions of stars in the line of sight 
has led to a number of suggestions from other observers who are inter- 
ested in the same subject. Briefly stated, the method of Orbinsky is to 
measure the contraction or dilation of the whole spectrum caused by the 
unequal displacement of different lines. The chief objections to the 
method are: (1) the differential displacement which is measured is, 
under the most favorable circumstances, hardly more than half the 
absolute displacement of the mean spectrum, and (2) in order to make 
this differential displacement as large as possible, widely separated lines 
must be used, and hence the exposure must be longer than that required 
for the most active part of the spectrum near the //y line. 

In this method the spectra of the two stars whose velocities are 
compared are photographed side by side on the same plate, and no 
terrestrial spectrum is used. 

The arrangement of apparatus proposed by M. Deslandres_pro- 
vides for a comparison spectrum, which is obtained as follows: A small 
totally-reflecting prism is cemented to the center of the outside face of 
the objective prism, and this prism receives the rays from a collimator, 


"AV, 3289, 138, 9-12, 1895. Reviewed in this JOURNAL, 2, 235, 1895. 
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which is placed at right angles to the incident rays from the star, and 
reflects them through the main prism. In front of the collimator 
slit is placed the terrestrial source of light; thus the collimator, objec- 
tive prism and main telescope form a slit spectroscope, the prism and 
camera of which are shared in common with the star spectroscope. 

With this apparatus the star spectrum and the terrestrial spectrum 
are photographed simultaneously ; at any subsequent time the same 
operation can be repeated for another star, the spectrum of which is 
photographed alongside of the first, and the relative velocities of the 
stars can then be determined by comparing the positions of corres- 
ponding lines. The difference of velocity of the two stars is given by 
the displacement between the stellar spectra minus that between the 
two terrestrial, the comparison spectra thus serving to eliminate errors 
due to flexure and changes of temperature. 

Some of the special features of this method may now be consid- 
ered. Since a displacement of the main telescope causes a shifting of 
the stellar spectrum on the plate, but does not affect the position of the 
comparison spectrum, it follows that the telescope must have precisely 
the same direction relatively to each of the stars observed. ‘This con- 
dition is met by attaching to the main telescope a finder, or guiding 
telescope provided with cross-wires, which is directed to the star itself 
and is therefore inclined at a considerable angle to the main tube. Fur- 
ther, errors in guiding during the exposure affect the relative position 
of the spectra, and to determine these errors M. Deslandres proposes 
to attach a third, photographic telescope to the finder, so that the star 
can be photographed during the exposure, and its place determined 
with reference to the illuminated lines of a reticle placed close in front 
of the plate. 

We have, therefore, in this apparatus, a photographic telescope with 
object-glass prism, a collimater projecting at a large angle from its 
upper end and furnished with suitable means for producing compari- 
son spectra, a guiding telescope inclined at a large angle to the first, 
and a photographic telescope with illuminated reticle; and all these 
parts must be rigidly connected to prevent relative flexure. It is evi- 
dent that this is by no means a simple and inexpensive piece of appar- 
atus, even with the ingenious modifications which M. Deslandres has 


also suggested. 
But the proposed method has a theoretical defect which seems likely 


to be fatal. The refracting angle of an object-glass prism is usually 
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small, and hence the small central area set aside for the slit spectro- 
Scope would have a very low resolving power. If we suppose the 
refracting angle to be 45°, an area 3™ square would have a resolving 
power of about 2300, which is not much more than sufficient to clearly 
separate the D lines. In any case there would be a great disparity in 
the resolving power of the two spectroscopes, and we should have sharp 
star spectra and badly defined comparison lines. 

Mr. Maunder recalls 2 number of plans for using the object-glass 
prism, which occurred to him when spectroscopic work was first begun 
at Greenwich, and also later when photographic methods were brought 
into use. His first idea is essentially that of Orbinsky, but he was 
satisfied that the measurements required were too delicate for visual 
methods. A later plan was to measure the total deviation of a ray by 
the prism, by photographing the spectrum and then the star itself on 
the same plate, measuring the angle between the two directions of the 
telescope by means of an accurately divided declination circle. Still 
another method which could be employed when the prism did not 
cover the whole object-glass, was to compare the position of a line in 
the spectrum with a star image formed by rays from the outer parts of 
the objective. The declination of the star being known from the cata- 
logue, the deviation of the line could be computed, but the corrections 
for refraction would be troublesome. All these methods seemed to 
Mr. Maunder at that time to be lacking in the necessary precision, and 
no attempt was made to carry them out practically. 


J. E. K. 
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